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DESCRIPTIOM 



METHODS AMD CQMPQSITIQMS FOR THF 
SUPPRESSIOM OF HFUmmnno TRAIUSFORMATiniU 



BACKGROUMD OF THE IHVEMTIOW 

The present appDcation is a continuation-in-part of co-pending U.S. Patent 
Application Serial No. 08/162,406 filed December 3. 1993. The entire text and figures 
of the above-referenced disclosure are specifically incorporated herein by reference 
without disclaimer. 

A. Held of the Invention 

The present invention relates to methodology and associated genetic constructs 
for the suppression of oncogene-mediated, transforaiation, tumorigenesis and metastasis. 
In particular, this invention relates to the suppression of oncogenesis that is mediated by 
the HER-2/c-«n& BHaeu oncogene, an oncogene which has been correlated with a poor 
prognosis of breast and ovarian carcinoma in humans. 

B. Backnround nf the Related Art 

21 During the last decade, a number of human malignancies have been discovered to 

be correlated with the presence and expression of "oncogenes" in the human genome. 
More than twenty different oncogenes have now been implicated in tumorigenesis, and 
are thought to play a direct role in human cancer (Weinberg, 1985). Many of these 
oncogenes apparently evolve through mutagenesis of a nonnal cellular counterpart, termed 
3d a "proto-oncogene", which leads to either an altered expression or activity of the 
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expression product. There is considerable data linking proto-oncogenes to cell growth, 
including their expression in response to certain proliferation signals (see, e.g., Campisi et 
al., 1983) and expression during embryonic development (Muller et aL, 1982). Moreover, 
a number of the proto-oncogenes are related to either a growth factor or a growth factor 
receptor. 

The c-erfrB gene encodes the epidermal growth factor receptor (EGFr) and is 
highly homologous to the transforming gene of the avian erythroblastosis virus 
(Downward et aL, 1984). The c-erbB gene is a member of the tyrosine-specific protein 
kinase family to which many proto-oncogenes belong. The t erbB gene has recently been 
found to be similar, but distinct from, an oncogene referred to variously as c-erbB-l, HER- 
2 or neu oncogene (referred to herein simply as the nea oncogene), now known to be 
intimately invoked in the pathogenesis of cancers of the human female breast and genital 
tract. 

The neu oncogene, which encodes a pi 85 tumor antigen, was first identified in 
transfectidn studies in which NIH 3T3 cefls were transfected with ONA from chemically 
induced rat neuroglioblastomas (Shih et aL 1981). The p185 protein has an extracellular, 
transmembrane, and intracelluiar domain, and therefore has a structure consistent with 
that of a growth factor receptor (Schechter et aL, 1984). The human tieu gene was first 
isolated due to its homology with M-eM and EGF-r probes (Senba et al, 1985). 

Molecular cloning of the transforming eeu oncogene and its normal cellular 
counterpart, the neu proto-oncogene, imficated that acthration of the aeu oncogene was 
due to a single point mutation resulting from one amino acid change in the 
transmembrane domain of the neu encoded p185 protein (Bargmann et al. 1986; Hung et 
al, 1989). 



30 



The mu oncogene is of particular importance to medical science because its 
presence is correlated with the mcidence of cancers of the human breast and female 
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genital tract. Moreover, amplification/overexpression of this gene has been directly 
correlated with relapse and survival in human breast cancer (Slamon et aL, 1987). 
Therefore, it is an extremely important goal of medical science to evoNe information 
regarding the neu oncogene, particularly information that could be applied to reversing or 
suppressing the oncogenic progression that seems to be elicited by the presence or 
activation of this gene. Unfortunately, little has been previously known about the manner 
in which one may proceed to suppress the oncogenic phenotype associated with the 
presence of oncogenes such as the neu oncogene. 

U An extensive body of research exists to support the involvement of a multistep 

process in the conversion of normal cells to the tumorigenic phenotype (see, e.g.. Land et 
aL, 1983). Molecular models supporting this hypothesis were first provided by studies on 
two ONA tumor viruses, adenovirus and polyomavirus. In the case of adenovirus, it was 
found that transformation of primary cells required the expression of both the early region 
1^ 1A (ElA) and IB (ElB) genes (Houweling et ah, 1980). It was later found that the ElA 
gene products could cooperate with middle T antigen or with activated W ras gene to 
transform primary cells (Ruley, 1985). These observations suggested that the 
involvement of multiple functions in the transformation process, and that various 
oncogenes may express sinular functions on a cellular level. 

2(!l 

The adenovirus ElA gene codes for several related proteins to which a number of 
mteresting properties have been attributed, in addition to its ability to complement a 
second oncogene in transformation, a closely related fum:tion allows ElA to immortaDze 
primary cells (Ruley, 1985). For example, introduction of ElA gene products into primary 
2!) ceDs has been shown to provide these cells with an unlimited proliferative capacity when 
cultured in the presence of serum. 

Another interesting action of ElA function is so-called "f/aw^actwation", wherein 
ElA gene products stimulate transcription from a variety of viral and cellular promoters, 
30 including the adenovirus eariy and major late promoter. However, fra;7^activation is not 
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universal for all promoters, in some instances. El A causes a decrease in transcription 
from cellular promoters tliat are linked to enhancer elements (Haley et al., 1984). 
Recently, it has been shown that exogenously added El A gene can reduce the metastatic 
potential of /^^ transformed rat embryo fibroblast cells by activating the cellular NM23 
gene that is associated with a lower metastatic potential (Pozzatti et al.. 1988; Wallich 
1985). 

The El A gene products are referred to as the 13S and 12S products, in 
reference to the sedimentation value of two mRNAs produced by the gene. These two 
mRNAs arise through differential splicing of a common precursor, and code for related 
proteins of 289 and 243 amino acids, respectively. The proteins differ internally by 46 
amino acids that are unique to die 13S protein. A number of E1A protein species can be 
resohred by PAGE analysis, and presumably arise as a resuh of extenshre posttranslational 
modification of tiie primary translation products (Harlow et al., 1985). 

Another viral oncoprotein, the SV 40 terge T antigen (LT) shares structural and 
ftinctional homology to E1A and t-myc (Hgge et al.. 1988). LT, ElA and tmyc have 
transforming domains which share annno acid sequence homology and sindar secondary 
structure (Rgge et al.. 1988). All three proteins complex with the tumor suppressor, 
retinoblastoma gene product (Rb) (Whyte et al.. 1988, DeCaprio et al.. 1988, Rustgi 
al., 1991), and the Rb binding domains of LT and ElA coincide with tiieir transforming 
domains. Based on tiiis similarity, it has been thought that LT and ElA transform cells 
by binding cellular Rb and abrogatuig its tumor suppressor function. LT, ElA and tmyc 
are also grouped as inunortafization oncogenes as detennined by the oncogene cooperation 
assay using rat embryo fibroblasts (Wdnberg, 1985). 

In spite of the similarity between the Rb binding domabis of LT and ElA, the two 
protons differ substantially in other regards. In fact, tiiere is apparently only a short 
equ»alent stretch of acidic amino adds (Hgge et al.. 1988). This stretch Ges between 
amino acids 106-114 in LT and amino adds 12M39 in ElA. The large T antigen is 
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encoded by the simian virus 40, a member of the polyoma virus family. In contrast. El A 
is encoded by adenovirus 5 virus, which is a member of the adenovirus family. IT is 
708 amino acids long, while El A is substantially shorter at 298 amino adds. LT has 
been observed to bind directly to certain DNA sequences, however. El A has not. LT 
binds with the tumor suppressors Rb and also with p53. El A complexes with Rb but not 
with p53. ElA has been shown to induce apoptosis in ceils, this has not been 
demonstrated for LT. 

Further, LT is an apparent anomaly in the scheme of oncogenic classification. 
Itj Oncogenes are typically classified as being cytoplasmic or nuclear oncogenes. However, 
LT, through the actions of a single protein, is able to introduce "nuclear" characteristics 
such as immortafization and "cytoplasmic" characteristics such as anchorage independence 
in cells (Weinberg, 1985). IT antigen can be found in both the nucleus and at the 
plasma membrane, and mutations that inhibit the transport of LT into the nucleus appear 
1^ to reduce its immortalizing abHity whfle teaving intact its effect on anchorage 

independence and its ability to transform already immortalized cells. Consequently, this 
oncogene is considered to be a member of both the nuclear and cytoplasmic oncogenic 
classes, since it sends its gene product to do woric at two distinct ceBular sites 
(Weinberg, 1985). In contrast, ElA is known as a nuclear oncogene only. 

2d 

Despite advances in identifying certam components which contribute to the 
development of roafignancies, it is clear that the art still lacks effective means of 
suppressing carcinogenesis. For example, there is as yet no particulariy successful way 
of suppressing nea oncogene activation or the development of various cancers, such as 
23 those of the breast and genital tract, which are associated witii this molecular event 
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SUMMARY OF THE IIBVEBITIOM 

The present invention seeks to overcome these and other drawbaclcs inherent in 
the prior art by providing methods for tin suppression of /rev-mediated oncogenesis. 
Certain aspects of the present invention relate to the inventors' surprising discovery that, 
in contrast to previous characterizations of the El A gene and the LT gene as being 
invohred in promoting transformation, the El A and LT gene products can actually serve to 
suppress not only the expression of the neu oncogene, but suppress the oncogenic 
phenotype which accompanies n&i oncogene activation. Interestmgly, these two gene 
products do so through different mechanisms. H Is proposed that this exciting discovery 
opens the door to novel approaches to the treatment of neu oncogene-mediated cancers, 
as well as an improved understandmg of the regulation of this oncogene in particular and 
the oncogenic phenotype m general. 

The present invention thus arises out of the inventors' surprising discovery that 
products of the adenovirus E1A gene, a gene that is itself known to serve as an 
oncogene, can be effectively employed to suppress the transforming capabHity of the neu 
oncogene. Accordingly, the invention can be characterized in a general sense as relating 
to a method of suppressing neu oncogene-mediated transformation of a cell, which 
method mchides introducing an El A gene product into such a ceU in a manner that is 
effective to suppress an oncogenic phenotype, as indicated by a reduction in 
transforming, tumor^enic or metastatic potential of the eefl. 

The invention also arises out of tiie Inventors' surprising showing tiiat introduction 
of LT antigen into cells leads to a significant decrease m tin expression of aea encoded 
p185. LT, fike ElA and c^yc. represses the upstream regulatory sequences of aea. 
However, LT represses a different region of tiie nea regulatory sequences compared to 
E1A and c-myc, suggesting LT affects neu expression through a different pathway. 
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Previous studies had shown that the tumor suppressor, Rb, represses the acthrity 
of the neu promoter (Yu et a/., 1992). Since Rb was known to complex LT, the 
inventors investigated whether LT-Rb complex might affect the LT-mediated neu 
nspression. Surprisingly, the inventors found that the Rb binding domain of LT is not 
required for its function in repressing neu promoter, indicating LT can repress neu 
expression without binding Rb. This indicates that LT and El A are not acting in the 
same manner. Moreover, a nontransfonning mutant of LT {Kl|, capable of repressing the 
transforming activity of neo. has been discovered. Repression of neu by LT is. therefore 
independent of its ability to complex Rb and to transfomi ceOs. Therefore, ahhough E1A, 
10 LT and t-myc share a common domain for transformation (Hgge et a/., 1988) and Rb 
binding (Whyte ef a/., 1988; DeCaprio eta/.. 1988; Rustigi et a/.. 1991). this domam, at 
least in LT, is not required for repression of the neu promoter. This supports the 
observation that LT represses neu via a different pathway compared to El A and c myc. 

15 These results also show that Kl, a LT mutant which is defective for both Rb 

binding and transformation, can function as a transformation suppressor of the activated 
neu oncogene. This finding allows for the development of tfierapeutic agents that 
down-modulate /7£iv expression in human cancers. 

20 In genera), in that it is proposed tiiat the ElA gene products and LT are directly 

responsible for the observed suppressions of the oncogenic phenotype, it is befieved that 
the objects of the invention may be achieved by introduction of ElA gene products or LT 
intracelhilarly in any convenient mnm, including, for example, virus mediated gene 
transfer, DNA transfection via calchim phosphate or liposome metiiods, and even direct 
25| introduction of gene products by microinjection. It is proposed tiiat methods such as 
tiiese will work adequately. e.g., where one is seeking to study oeu oncogene 
suppression. However, where a treatment regimen is contemplated it wiH likely be 
necessary to introduce tiie selected ElA gems product or LT by intracellular mtroduction 
of a DNA segment which encodes the particular domam of tiie ElA protein or LT that is 
required for repression of neu. 



V'O 95/16051 



PCTA)S94/13868 



• 8. 

In any event, since the El A gene products have been extensively characterized, 
and the gene itself has been cloned (see, e.g.. Berk et a/.. 1978), the starting materials, 
i.e. the ElA products and gene, are readily available to those of skill in the art who 
desire to practice the invention. 

LT is also characterized and the gene has been cloned. The entire SV40 
nucleotide sequence is disclosed in the book Molecular Biology of Tumor Viruses. Part 2, 
2d. ed., Tooze, J., Cold Spring Harbor Laboratory, Cold Spring Harbor, New Yorit 11981). 
Appendix A, pp. 799-813. In addition to the genomic sequence, Molecular Biology of 
10 Tumor Viruses contains a map of SV40 landmarics including the location of the large T 
antigen within the SV40 genome (p. 813J. The references Rers etal.. 1978 and Reddy 
et at.. 1978 also report the genetic sequences of SV40. The amino acid sequence of LT 
can be found in Molecdar Bit^ogy of Tumor Vmises. pgs. 854 and 857-861. Various 
mutant of native LT have been described. For example, Kalderon etal. (1984) describe 
15 many IT mutations, which were the result of deletion and point mutations of the natnre 
LT gene. The relevant amino acid sequences of each LT mutant reported in Kalderon 
et al. are contained in Table 2 of that reference. By combinmg the information in 
Kalderon al. (1984) with the sequence information for native LT tanXwm^'m Molecular 
Biology of Tumor Viruses, the sequence for any of these mutants can be determined. All 
of the genomic and amino add sequences of native LT and LT mutants contained m the 
references dted In this paragraph are Incorporated by reference in this specification. 

Introduction of Gene Produets 

25 Where the gene itself is employed to introduce the gene products, a convenient 

method of introduction wDI be through the use of a recomiwiant vector which 
incorporates the desired gene, together with its associated control sequences. The 
preparation of recombinant vectors is wefl known to those of skill in the art and 
described in many references, such as, for example, Sambrook etal. (1989), specifically 
30 mcorporated herein by reference. 



20 
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In vectore, it is understood that the DNA coding sequences to be expressed, in 
this case those encoding the Afi& suppressing gene products, are positioned adjacent to 
and under the control of a promoter, it is understood in the art that to bring a coding 
sequence under the control of such a promoter, one generany positions the 5' end of the 
transcription Initiation site of the transcriptional reading frame of the gene product to be 
expressed between about 1 and about 50 nucleotides "downstream" of (ta 3' of) the 
chosen promoter. One may also desire to incorporate into the transcriptional unit of the 
vector an appropriate polyadenylation site (a^., 5'-AATAAA-n if one was not contained 
within the original inserted DNA. TypicaDy, these poly A addition sites are placed about 
30 to 2000 nucleotides "downstream" of the coding sequence at a position prior to 
transcription termination. 

While use of the control sequences of the specific gene U.e. the E1A promoter for 
E1A and the LT promoter for LT) wiN be preferred, there is no reason why other control 
sequences could not be employed, so long as they are compatible with the genotype of 
the ceU being treated. Thus, one may mention other useful promoters by way of 
example, including, e.g., an SV40 eariy promoter, a long terminal repeat promoter from 
retrovirus, an actin promoter, a heat shock promoter, a metaHothionein promoter, and the 
like. 



For introduction of the E1A or LT gene, H is proposed that one wHI desire to 
preferably employ a vector construct that will deliver the desired gene to the affected 
cells. This wfll, of course. generaUy require that the construct be defivered to the 
tarfleted tumor cells, for example, breast, gemtai, or hmg tumor cells. It is proposed that 
25 this may be achieved most preferably by introduction of the desired gene through the use 
of a viral vector to carry either the E1A or LT sequences to efficiently infect the tumor, 
or pretumorous tissue. These vectors wiH preferably be an adenoviral, a retroviral, a 
vaccinia viral vector or adeno-associated virus. These vectors are preferred because they 
have been successfuOy used to defiver desired sequences to cells and tend to have a high 
30 infection efficiency. 
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Commonly used viral promoters for expression vectors are derived from polyoma, 
cytomegalovirus. Adenovirus 2, and Simian Virus 40 (SV40). The early and late 
promoters of SV40 vims are particularly useful because both are obtained easily from the 
virus as a fragment which also contains the SV40 viral origin of repDcation. Smaller or 
larger SV40 fragments may also be used, provided there is included the approximately 
250 bp sequence extending from the Hind III site toward the Bgl I site located in the 
viral origin of replication. Further, it is also possible, and often desirable, to utilize 
promoter or control sequences nomially associated with the desired gene sequence, 
provided such control sequences are compatible with the host cell systems. 

The origin of replication may be provided either by construction of the vector to 
include an exogenous origin, such as may be derived from SV40 or other viral (e.^.. 
Polyoma, Adeno, VSV, BPV) source, or may be provided by the host ceil chromosomal 
replication mechanism. If the vector is mtegrated into the host cell chromosome, the 
latter is often sufficient. 



A particularly desirable vector, at least as a starting point, is the ElA containing 
retroviral vector, termed pSVXEIA-G, described by Robert et a/., 1985. This vector 
comprises the El A gene which has been brought under the control of the SV40 early 
promoter. For LT expression, the pZ189 (driven by the SV-80 promoter) and the pVU-0 
vectors both contain LT. LT mutants are contained In, for example, pKI and pK7 as well 
as other vectors described by Kalderon et al. 1984. The inventors propose that these 
constmcts could either be used directly in the practice of the mvention, or could be used 
as a startmg point for the mtroduction of other more desirable promoters such as those 
discussed above. 

A preferred method of introducing the El A gene to an animal is to introduce a 
repGcation-deftcient adenovirus containing the E1A gene. An example of such an 
adenovirus is Ad.E1A(-«-). Since adenovirus is a common vims nifecting humans in nature 
and the E1A gene is a gene that is present in natrae adenovirus, the use of a replication 



wo 95/16051 



PCT/DS94/13868 



- n - 

deficient El A virus to introduce the gene may efficiently defiver and express El A into 
target cells. The replication-deficient ElA virus made by E1B and E3 deletion also avoids 
the viral reproduction inside the cell and transfer to other cells and Infection of other 
people, which means the viral infection actwity Is shut down after It Infects the target 
cen. The E1A gene still is expressed inside the cells. Also, unlike retrovirus, which can 
only Infect proliferating cells, adenovirus is able to transfer the El A gene Into both 
proliferating and non-profiferating cells. Further, the extrachramosomal location of 
adenovirus in the Infected cells decreases the chance of ceUuiar oncogene acthration 
within the treated animal. WhDe the wild-type adenovirus may be used directly to 
l(j transfer the E1A gene into HiRHneu expressing cancer cells, wfld type virus wlO produce 
large amounts of adenovirus in the human body and therefore might cause potential side 
effects due to the replication competent nature of the wild type adenovirus. It is 
therefore an advantage to use the repfication deficient adenovirus such as E1B and E3 
deletion mutant Ad.EIAI-^) to prevent such side effects. In fact, many modifications in 
1^ the native adenovirus will result in a modified virus that will be useful for the purpose of 
the invention. Further modification of adenovinis such as E2A deletion may improve the 
El A expression efficiency and reduce the side effects. The only requirement of a native 
or modified adenovirus b that H should express an ElA gene in order to have the utifity 
of the invention. 

Introduction of the adenovirus containing the ElA gene into a suitable host is 
typically done by injecting the virus contained in a buffer. 

One manner in which the ElA gene that is contained in an adenovirus can be 
2S| used is by introdudng an LT gene product into such a cell as part of the same treatment 
method. The LT gene product can ^e an LT mutant aspedally a nontransforming mutant 
such as Kl. Such introduction can typically involve the introduction of an LT gene. In 
soma preferred methods, the LT gene can be introduced by the use of an adenovirus that 
contains both the ElA gene and the LT gene. In this case, adenovirus is a preferably a 
3(j repfication-deficient adenovirus such as the Ad.ElA|■^) adenovirus. However, the 
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Introduction of the LT gene can be by any manner described in this specification or 
known to those of skill in the art such as viral, plasmid, retroviral vectors or liposomes. 

The present invention also provides particularly useful methods for introducing 
/7w suppressing gene products into cells. One method of in mo gene transfer which can 
lead to expression of genes transfected into cells invohres the use of liposomes. 
Uposomes can be used for both mvitnmim mo transfection. Uposome-mediated gene 
transfer seems to have great potential for certain m Wko applications in animals (Nicolau 
et a/.. 1987). Studies have shown that intravenously injected b'posomes are taken up 
essentially in the Bver and the spleen, by the macrophages of the reticuloendothelial 
system. The specific cellular sites of uptake of injected liposomes appears to be mainly 
spleen macrophages and liver Kupffer cells. Intravenous injection of liposomes/ONA 
complexes can lead to the uptake of DNA by tiiese cellular sites, and result in the 
expression of a gene product encoded ni the DNA (Nicolau, 1983). 

The inventors contemplate that neu suppressing gene products can be introduced 
into cells using liposome mediated gene transfer. It is proposed that such constructs can 
be coupled with liposomes and directiy introduced via a catheter, as described by Nabel 
et al. (1990). By employing these methods, the neu-suppressing gene products can be 
20 expressed efficiently at a specific site in mo. not just the liver and spleen cefls which 
are accessible via intravenous injection. Therefore, this invention also encompasses 
compositions of DNA constructs encoding a ff«tf suppressing gene product formulated as a 
DNA/iiposome complex and methods of using such constracts. 

25 Liposomal transfection can be via liposomes composed of, for example, 

phosphatidylcholine (PC), phosphatidylserine (PS), cholesterol (Choi), /VIM2,3. 
dioleyloxy)propyl]-^,A^-tirimetiiylammoniun chloride (OOTMA). 
dioleoylphosphatidytethanolamine (DOPE), and/or 3)9l/IM/lrilr•dimethylaminoeti^ane^ 
carbarmoyi cholesterol (DC-Chol), as well as other lipids known to those of skill in the 
30| art. Those of skill in the art wHI recognize that tiiere are a variety of liposomal 
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transfection techniques which will be useful in the present invention. Among these 
techniques are those described in Nicolau et aL, 1987, Nabel et al, 1990, and Gao 
etal., 1991. The inventors have had particular success with liposomes comprising DC- 
Chol. More particulariy, the inventors have had success with liposomes comprising DC- 
Choi and DOPE which have been prepared foHowing the teaching of Gao eta.. 1991, in 
the manner described m the Preferred Emboc&nents Section. The inventors also 
anticipate utility for liposomes comprised of DOTMA. such as those which are available 
commercially under the trademaric Upofectin™. from Vical, Inc. (San Diego, CA). 

Liposomes may be introduced mto contact with ceils to be transfected by a 
variety of methods. In cell culture, the liposomes can simply be dispersed in the cell 
culture solution. For application 'm mo, liposomes are typicaUy Injected, intravenous 
injection allow Dposome mediated transfer of ONA complex to the fiposomes to, for 
example, the Ever and the spleen. In order to allow transfection of DMA into ceUs which 
are not accessible through mtravenous injection, it is possible to directly inject the 
Dposome-DNA complexes into a specific location in an animal's body. For example, Nabel 
et al. teach injection via a catheter into the arterial waH. In another example, the 
Inventors have used intraperitoneal Injection to allow for gene transfer into mice. 

The present invention also contemplates compositions comprising a liposomal 
complex. This fiposomal complex will comprise a Gpid component and a DNA segment 
encoding a mtf-suppressing gene. The /rei^suppressing gene employed in the Gposomal 
complex can be, for example, an LT gene or an E1A gene. Liposomal complexes 
comprising LT mutants may have certain advantages. These advantages may be 
particularly distinct when the LT gene encodes non-transforming LT mutant, such as Kl. 
An ElA gene em:oding either the E1A 12S or E1A 13S gene product, or both, may be 
complexed urith a fipld to form the Gposomal complex. 



3| 



The Gpid employed to make the Gposomal complex can be any of the above- 
discussed Gpids. In particular, DOTMA, DOPE, and/or OC-Chol may fomi all or part of the 
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liposomal complex. The inventors have had particular success with complexes comprising 
DC-Chol. In a preferred embodiment, the lipid will comprise DC-Chol and DOPE. While 
any ratio of DC-Chol to DOPE is anticipated to have utility, it is anticipated that those 
comprising a ratio of DC ChokDOPE between 1:20 and 20:1 wfll be partiodariy 
advantageous. The inventors have found that Gposomes prepared from a ratio of DC- 
CholiDOPE of about 1:10 to about 1:5 have been useful in the studies they have 
performed, bi most studies, the inventors have used a ratio of 1.2 //mol 0C-Chol:8.0 
fjm\ DOPE. 

The present invention also comprises kits for the introduction of a nea- 
suppressing gene product into a cell comprising a ffe& suppressing DNA/iiposome complex. 

In that the inventors' studies have demonstrated that both the 12S E1A, 13S 
E1A, and LT gene products are capable of suppressing neu gene expression. It is proposed 
that one may employ any product, or two or more together, in the practice of the 
invention. Of course, in that the 12S and 13S products are derived from essentiaHy the 
same gene sequences, and are merely the result of differential splicing, where the El A 
gene itself is employed it wrin be most convenient to simply use the wild type El A gene 
directly. However, it is contemplated that certain regions of either the E1A or the LT 
gene may be employed excluavely without employing the entire wild type El A or LT gene 
respectively, h is proposed that it will ultimately be preferable to employ the smallest 
region needed to suppress the nea gene so that one is not introducmg unnecessary DNA 
mto cells which recewe either an E1A or LT gene construct Tlus may especially be true 
with regard to the rather large, 708 ammo acid, LT protein. TKhniques well known to 
those of skin in the art such as the use of restriction enzymes, will allow for the 
generation of smaD regions of E1A and LT. The abffity of these regions to inhOiit new 
can easily be determined by the assays reported in the Examples. 
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In general, techniques for assessing the reduction in transforming, tumorigenic or 
metastatic potential are well known in the art. For example, the simplest assay is to 
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measure the level of ONA synthesis in treated versus nontreated cells, in that DNA 
synthesis is a good measure of cell growth potential. Furthermore, the ability of 
transformed cells as compared to non-transformed cells to grow in soft agar has been 
widely employed as a measure of the transformation. Thus, either of these two assay 
techniques may be conveniently employed to assess the abiTrty of the El A or LT products 
employed to suppress neu oncogene mediated transformation. 

A number of accepted assays are also available where one desires to assess 
suppression of neu oncogene-mediated tumorigenic or metastatic potential. The most 
convenient indicator of tumorigenic potential, and indeed the most refiable, is an vivo 
assay employing nude mice, wherein the abnity of treated cells to cause tumors m the 
mice is assessed. Nude mice may be similarly employed where one desires to assess 
metastatic potential, by determming the ability of treated cefls to forni metastatic 
nodules, for example, in the hmgs of experimental mice. 

In that the inventors have observed that El A gene products and LT function 
through direct suppression of neu gene expression, the invention further concerns a 
method for suppressing neu gene expression or overexpresslon. In these embodiments, 
the method includes introducing an E1A gene product or LT into the affected cell in a 
manner effecthre to suppress the ceUular level of the neu p18S transmembrane protein. 
The suppression of pl85 expression may be readily assessed by a number of available 
methods, mcluding most conveniently, electrophoretic gel analysis to determine a reduction 
in pi 85 levels, it is proposed that the same means of bitroducing the El A gene, its 
products, or LT, wifl be applicable in these further embodiments as discussed in 
connection with the transformation embodiments above. 
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SuDPression of flgif-Mediated Oncpnenesis 

Certain embodiments of the present invention concern methods for suppressing 
neu oncogenennediated transformation of a ceD comprising introduction of a 
transformation suppressing amount of an LT gene product into the cell in a manner 
effective to suppress an oncogem'c phem)type. Suppression of an oncogenic phenotype is 
indicated by a reduction in the transforming, tumorigenic or metastatic potential of the 
celt, which can be measured via the assays described above. 

In some embodiments of the invention, new oncogene-mediated transformation of 
the cell win be suppressed fay an IT mutant which is nontransforming. Examples of such 
nontransforming mutants are K1 and K7. 

Methods for introducing the LT gene product into the cell include the introduction 
of a DMA segment which encodes the LT gene product. In many cases, the DNA 
segment which comprises the LT gene wfll also comprise associated controlled sequences 
from the LT gene. Introduction of DNA segments which encode the LT gene product can 
be achieved by any of a variety of means known to those of skill in the art. However, 
the inventors anticipate the particularly good results might be echieved by the 
introduction of the ONA through a vector, or through the precisely described Gposome- 
mediated gene transfer techniques. Of course, tiiose of skiU wOl understand tiiat other 
methods of genetic transfer such as retrovirus vectors, adenovirus vectors, and adeno- 
associated virus vectors will also be useful in regard to the present invention. 



Plasmid vectors, viral vectors such as adenoviral, retroviral, polyoma, 
cytomegaloviral and SV40 vectors are aD anticipated to have utility with regard to 
methods of the present invention. However, certain preferred embodiments win comprise 
the use of plasmid vectors comprising DNA segments which encode an LT gem: product. 
Exemplary plasmid vectors comprise pZ189, pVU-0, pKl. pK7. pSV2l421, pSVdl423. 
30 psVdl425, pSVdMM. and pSVdl451. The pSVdt series of vectors b described in Sullenger 
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et a/. (1990). An exemplary retroviral vector for use In regard to the present invention is 
pBabe-neo (Morgenstem et al. 1990). 

In certain preferred embodiments of the present invention, the LT gene product is 
Introduced into a ceH of a multi-ceOular organism. Typically, commercial embodiments of 
the invention will invoke the introduction of the LT gene product into mammals, since the 
mammals encompass most commercially important animals for both livestock and health 
purposes. Obviously, some of the most important embodiments of the invention wnli be 
those directed towards the suppression of /rannediated cancer in human beings. 

The methods of the present invention will allow for the suppression of a variety 
of AexHnediated oncogenic phenotypes. Examples of such phenotypes are: (1) the ability 
to grow in soft agar; (2) the abnity to fomi foci; and (3) a transformed morphology. In 
preferred embodiments of the invention, the oncogenic phenotype will be cancer. 
Particular cancers against which the present invention is anticipated to be most useful 
are any exhaiiting /7f&-overexpression, such as cancers of the human breast, ovaries, 
lungs, gastric system, oral mucosa, and prostate. The methods of the present Invention 
win be directed, in some cases towards the suppression of either the tumorigenic 
potential of the ceO. the metastatic potential of tiie cell, or a combination of both. 

Certain embodiments of the present invention comprise the introduction of both 
the LT antigen gene product and the E1A gene product into the same ceD. Both the E1A 
gene product and the LT gene product have the abTity to suppress /7«&-inediated cancer. 
However, the inventors have reported the surprising and unexpected finding that these 
two proteins suppress tteims^aiaA cancer in different mannere. That either El A or LT 
suppresses ^eiHnediated cancer is surprising in itself, since both gene products are 
Imown to have thdr own transforming properties. However, the fact that El A and LT 
employ different mechanisms to allow for suppression of /r«£Hnediated cancer would not 
at an be expected in view of the art. Owing to the facts that LT and El A employ 
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different mechanisms of ire^^suppression, it will be possible to use both gene products in 
combination to doubly protect against /7&ff-medtated suppression. 

In embodiments wluch call for the introduction of both an El A gene product and 
an LT gene product into the same population of cells, a typical manner of introduction of 
each of the products wfll be through the bitroduction of DMA segments which encode 
each product. These segments may be transfected simultaneously, or at separate times. 
The transfection may occur through any of the vectors discussed above, through 
liposome-mediated gene transfer, or through any of the other methods of gene transfer 
known to those in the art. Any of the LT antigen gene products discussed above will 
have utility in this embodiment of the invention. For example, LT, K1, and K7 are all 
anticipated to have utility when introduced in conjunction with an El A gene product. 
Exemplary El A gene products which will be useful in the present invention include El A 
12S and E1A 13S. Of course, it will also be possible to introduce the El A and LT gene 
products directly into cells, or to introduce one product directly and the other via DMA 
transfection, depending on the needs of a particular celL 

In some embodiments of the mvention, ONA segments encoding both an El A gene 
product and an LT gene product can be linked in the same DNA segment. Further, each 
of these gene products may be placed under the control of the same set of regulatory 
sequences. In tins manner, simultaneous transfection and expression of El A and LT gene 
products may be achieved. 

Since simultaneous transfection with El A and LT will lead to two types of tteu- 
suppression, it is anticipated that the combination will be particularly useful m preventing 
cancer. The methods of these embodiments may be used to reduce the transforming 
potential tumorigenic potential and/or metastatic potential of ceDs. 



30 



FoOowing long-standing patent law convention, the terms "a" and "an" mean "one 
or more" when used in this application, including the claims. 
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Definitions and Technin ues Affecting Gene Prndncts and Genes 
El A Gene Products and Genes 

In this patent tlie terms "ElA gene product" and "ElA" refers to proteins iiaving 
amino acid sequences which are substantially identical to the native ElA amino acid 
sequence and which are biologically octree in that they are capable of binding to Rb, 
suppressing neu oncogene-mediated transformation, immortaGzing cells, or aoss reacting 
with anti-EIA antibody raised against ElA. Such sequences are disclosed, for example, 
in Berk et aL, 1978. The term "ElA gene product" also includes analogs of ElA 
molecules which exhibit at least some biological activity in common with native ElA. 
Furtheraiore. those skilled in the art of mutagenesis will appreciate that other analogs, as 
yet undisclosed or undiscovered, may be used to construct ElA analogs. Such analogs 
may be generated in the manners described for the generation of LT mutants in Kalderon 
et al. (1984). There is no need for an "ElA gene product" or "ElA" to comprise an, or 
substantiaHy all of the amino acid sequence of the native ElA gene. Shorter or longer 
sequences are anticipated to be of use in the invention. 

The term "ElA gene" refers to any DNA sequence that Is substantially identical 
to a DNA sequence encoding an ElA gene product as defined above. The term also 
refers to RNA, or antisense sequences compatible with such DNA sequences. An "ElA 
gene" may also comprise any combination of associated control sequences. 

The term "substantially identical", when used to define either an ElA amino acid 
sequence or ElA gene nucleic acid sequence, means that a particular subject sequence, 
for example, a mutuant sequence, varies from the sequence of natural ElA by one or 
more substitutions, deletions, or additions, tiie net effect of which is to retain at least 
some biological activity of the ElA protein. Ahematwely, DNA analog sequences are 
"substantially identical" to specific DNA sequences disclosed herein if: (a) the DNA 
analog sequence is derived from coding regions of the natural ElA gene; or (b) tiie DNA 
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analog sequence is capable of hybridization of DNA sequences of (a) under moderately 
stringent conditions and which encode biologically active El A; or (c) DNA sequences 
which are degenerative as a result of the genetic code to the DNA analog sequences 
defined in (a) or (b). Substantially identical analog proteins will be greater than about 
80% similar to the corresponding sequence of the nafnre protein. Sequenqes having 
lesser degrees of similarity but comparable biological acthrity are considered to be 
equwalents. In determining nucleic acid sequences, all subject nucleic acid sequences 
capable of encoding substantially similar amino add sequences are considered to be 
substantially stnular to a reference nucleic acid sequence, regardless of differences in 
codon sequence. 

LT Gene Products and Genes 

In this patent the terms "LT gene product" and "LT" refers to protems having 
amino acid sequences which are substantially identical to the native LT amino add 
sequence and which are biologically active in that they are capable of binding to Rb, 
suppressing neu oncogene mecfiated transformation, immortalizing cells, inducing anchorage 
independency, or cross-reacting with anti-LT antibody raised against LT. Such sequences 
are disdosed, for example, in Tooze - Molecular Biology of the Tumor Viruses, fiers 
et el., 1978, and Roddy et sL 1978. The temi "LT g«ie product" also indudes analogs 
of LT molecules which exhibit at least some biological activity in common with native LT. 
Examples of such LT analogs are K1 and K7, which are defective for transformation of 
cells (Kalderon et al., 1984). Many other exemplary LT analogs are disdosed in Kalderon 
et al. 1984, particularly in Table 2. Furthermore, tiiose skHled in the art of mutagenesis 
25 win appreciate that other analogs, as yet undisdosed or undiscovered, may be used to 
construct LT analogs. There is no need for an "LT gene product" or "LT" to comprise 
all, or substantially all of the amino add sequence of the native LT gene. Shorter or 
longer sequences are anticipated to be of use in the invention. 
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The term "LT gene" refers to any DNA sequence that is substantially identical to 
a DMA sequence encoding an LT gene product as defined above. The term also refers to 
RNA, or antisense sequences compatible with such DNA sequences. An "LT gene" may 
also comprise any combination of associated control sequences. 

The term "substantially identical", when used to define either an LT amino add 
sequence or an LT nucleic acid sequence, means that a particular subject sequence, for 
example, a mutant sequence, varies from the sequence of natural LT by one or more 
substitutions, deletions, or additions, the net effect of which is to retain at least some 
biological activity of the LT protein. Alternatively, DNA analog sequences are 
"substantially identical" to specific DNA sequences disclosed herein if: (a) the DNA 
analog sequence is derived from codmg regions of the natural LT gene; or (b) the DNA 
analog sequence is capable of hybridization of DNA sequences of (a) under moderately 
stringent conditions and which encode biologically actwe LT; or (c) DNA sequences which 
are degenerathre as a result of the genetic code to the DNA analog sequences defined in 
(a) or (b). Substantially identical analog proteins will be greater than about 80% similar 
to the corresponding sequence of the native protein. Sequences having lesser degrees of 
similarity but comparable biological activity are considered to be equivalents. In 
determining nucleic acid sequences, all subject nucleic acid sequences capable of encoding 
2C substantially similar amino acid sequences are considered to be substantially similar to a 
reference nucleic acid sequence, regardless of differences in codon sequence. 

Percent Similarity 

21 Percent similarity may be determined, for example, by comparing sequence 

mformation using the GAP computer program, available from the University of Wisconsin 
Geneticist Computer Group. The GAP program utilizes the alignment metfiod of 
Needleman et ai, 1970, as revised by Smith et aL. 1981. Briefiy, the GAP program 
defines similarity as the number of aligned symbols \i.e. nucleotides or amino acids) which 
3d are shnilar, divided by the total number of symbols m the shorter of the two sequences. 
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The preferred default parameters for the GAP program include 11) a unitary comparison 
matrix (containing a value of 1 for identities and 0 for non-identities) of nucleotides and 
the weighted comparison matrix of Gribskov et al. 1986, as described by Schwartz 
et al, 1979; (2) a penalty of 3.0 for each gap and an additional 0.01 penalty for each 
5 symbol and each gap; and (3) no penalty for end gaps. 

Nucleic Add SemiencBs 

In certain embodiments, the invention concerns the use of /7e&-suppressmg genes 
10 and gene products, such as the LT antigen gene product or the E1A gene product, or 
both, that include witlwi their respecthre sequences a sequence wluch is essentially that 
of the known LT antigen gene or El A gene, or the corresponding proteins. The temi "a 
sequence essentially as that of LT antigen or ElA" means that the sequence substantially 
corresponds to a portion of the LT antigen or ElA gene and has relatively few bases or 
15 amino acids (whether DNA or protein) wluch are not identical to those of LT or ElA (or a 
biologically functional equhralent thereof, when referring to proteins). The term 
"biologically functional equhralent' is well understood in the art and is further defined in 
detaa herein. Accordingly, sequences which have between about 70% and about 80%; or 
more preferably, between about 81% and about 90%; or even more preferably, between 
20 about 91% and about 99%; of anrnio acids which are identical or functionally equroalent 
to the amino adds of LT antigen or ElA will be sequences which are "essentiaDy the 
same". 

LT antigen and ElA genes which have functionally equivalent codons are also 
25 covered by the nivention. The term "functionally equivalent codon" is used herein to 
refer to codons that encode the same amino add, such as the six codons for arginine or 
serine, and also refers to codons that encode biologically equwalent amino acids 
(Table 1). 
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TABLE 1. FUNCTIONALLY EQUIVALENT CODONS 



1 Amino Acids 
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Glutamine 
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Arginme 


Arg 


R 


A6A 


AG6 


CGA 


C6C 


CGG 


CGU 


Serine 


Ser 


S 


AGC 


AGU 


UCA 
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UCG 


UCU 


1 Threonine 


Thr 


T 


ACA 


ACC 


ACG 


ACU 






Valine 


Val 


V 


QUA 


GUC 


GUG 


GUU 






Tryptophan 


Trp 


w 


UGB 












Tyrosine 


Tyr 


Y 


UAC 


UAU 











It win also be understood that amino acid and nudeic add sequences may indude 
additional residues, such as additional N- or C-terminal amino adds or 5' or 3' sequences, 
and yet still be essentiaHy as set forth in one of the sequences disclosed herein, so long 
as the sequence meets the ciiteiia set forth above, mduding the maintenance of 
biological protein acthrity where protein expression is concerned. The addHion of terminal 
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sequences particulariy applies to nucleic acid sequences which may, for example, include 
various non-coding sequences flanking either of the 5' or 3' portions of the coding region 
or may include various internal sequences, ie. introns, which are known to occur within 
genes. 

The present invention also encompasses the use of DNA segments which are 
complementary, or essentially complementary, to the sequences set forth In the 
specification. Nucleic acid sequences which are "comptementary" are those which are 
capable of base-pairing according to the standard Watson-Crick complementarity rules. 
As used herein, the term "complementary sequences" means nucleic acid sequences which 
are substantially complementary, as may be assessed by the same micleotide comparison 
set forth above, or as defined as being capable of hybridizing to the nucleic acid segment 
in question under relatively stringent conditions such as those described herein. 

Biolonicanv Funrtinn ^l Enim/alents 

As mentioned above, modification and changes may be made ni the structure of 
El A or LT and still obtain a molecute having like or otherwise desirable characteristics. 
For example, certain amino adds may be substituted for other amino acids in a protein 
structure without appreciable loss of interactive binding capacity, with structures such as. 
for example, the flw-gene. Since it is the interactive capacity and nature of a protein 
that defines that protein's biological functional activity, certain amino acid sequence 
substitutions can be made in a protein sequence (or, of course, its underlying DNA coding 
sequence) and nevertheless obtain a protein with fike or even countervailing properties 
te^v antagonistic v. agonistic). It is thus contemplated by the inventors tiiat various 
changes may be made in tiie sequence of the ElA or LT prote'nis or peptides (or 
underlying DNA) without appreciable loss of their biological utiTity or acthnty. 



It is also well understood by tfie skilled artisan that inherent in the definhion of 
a biologically functional equivalent protein or peptide, is the concept that tiiere is a Emit 
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to the number of changes that may be made within a defined portion of the molecule and 
stili result in a molecule with an acceptable level of equivalent biological activity. 
Biologically functional equivalent peptides are thus defined herein as those peptides in 
which certain, not most or all, of the amino acids may be substituted. Of course, a 
plurality of distinct proteinsfpeptides with different substitutions may easily be made and 
used in accordance with the invention. 



It is also well understood that where certain residues are shown to be 
particularly important to the biological or structural properties of a protein or peptide, 
10 e.g., residues in actWe sites, such residues may not generally be exchanged. This is the 
case in the present invention, where it any changes in the /^^(/-binding region of either 
El A or LT that render the peptide incapable of suppressing neu-miixdXBA transformation 
would result in a loss of utility of the resulting peptide for the present invention. 

15 Amino acid substitutions, such as those which might be employed in modifying 

either El A or LT are generally based on the relative similarity of the amino acid side- 
chain substituents, for example, their hydrophobicity, hydrophilicity, charge, size, and the 
like. An analysis of the size, shape and type of the amino acid side-chain substituents 
reveals that argtnine, lysine and histidine are all posithrely charged residues; that alanine, 

20 glycine and serine are aD a similar aze; and that phenylalanine, t/yptophan and tyrosine 
all have a generally similar shape. Therefore, based upon these considerations, arginine, 
lysine and histidine; alanine, glycine and serine; and phenylalanine, tryptophan and 
tyrosine; are defined herein as biologically functional equivalents. 

25 In making such changes, the hydropathic index of amino acids may be considered. 

Each amino add has been assigned a hydropathic index on the basis of their 
hydrophobicity and charge characteristics, these are: tsoleudne (44.5); valine (+4.2); 
leucine (+3.8); phenylalanine (+2.8); cysteine/cystine (+2.5); methionine (+1.9); alanine 
(+1.8); glycine (-0.4); threonine (-07); serine (-0.8); tryptophan (-0.9); tyrosine (1.3); 
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prollne (-1.6); histidine (-3.2); gtutamate (-3.5); glutamine (-3.5); aspartate (-3.5); 
asparagine (-3.5); lysine (-3.9); and arginine (-4.5). 

The importance of the hydropathic ammo acid index in conferring interactive 
biological function on a protein Is generally understood in the art (Kyte & DooGttle, 1982, 
incorporated herein by reference). It is known that certain amino acids may be 
substituted for other amino adds having a siniar bydropatMc index or score and still 
retain a similar biological activity. In making changes based upon the hydropathic index, 
the substitution of amino acids whose hydropathic indices are wttfnn ±2 is preferred, 
10 those which are within ±1 are particularly preferred, and those within ±0.5 are even 
more particularly preferred. 

It b also understood m the art that the substitution of Eke amino acids can be 
made effectively on the basis of hydrophilicity. U.S. Patwit 4,554,101, incorporated 
15 herein by reference, states that the greatest local average hydrophilicity of a pratem, as 
governed by the hydrophilicity of its adjacent amino adds, correlates with its 
immunogenicity and antigenidty, with a biological property of the protein. It is 
understood that an amino acid can be substituted for another having a similar 
hydrophaidty value and still obtain a biologically equivalent protein. 

20 

As detailed in U.S. Patent 4,554.101, the following hydrophilidty values have 
been assigned to amino add residues: arginine (••■3.0); iysme (-1-3.0); aspartate (+3.0 ± 
1); glutamate {■►3.0 ± 1); serine (■►0.3); asparagine (*02Y, glutamine (■►0.2); glycine (0); 
threonine (-0.4); proGne (-0.5 ± 1); alanine (-0.5); histidine ( 0.5); cysteine (-1.0); 
25 methionine (-1.3); valine (-1.5); leudne (-1.8); isoleucine (.1.8); tyrosine (-2.3); 
phenylalanine (-2.5); tryptophan (-3.4). 

in making changes based upon snnilar hydrophilicity values, the substitution of 
amino adds whose hydrophilicity values are within ±2 is preferred, those which are 
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within ±1 ate particulariy preferred, and those within ±0.5 are even more particularly 
preferred. 

While discussion has focused on functionally equivalent polypeptides arising from 
amino acid changes, it will be appreciated that these changes may be effected by 
alteration of the encoding DNA; taking into consideration also that the genetic code is 
degenerate and that two or more codons may code for the same amino acid. 

SeouencB Modification Techniques 

Modifications to the El A and IT peptides may be carried out using techniques 
such as site directed mutagenesis. Site-specific mutagenesis is a technique useful in the 
preparation of individual peptides, or biologicaUy functional equhralent proteins or peptides, 
through specific mutagenesis of the underlying DNA. The technique further provides a 
ready ability to prepare and test sequence variants, for example, incorporating one or 
more of the foregoing considerations, by introducing one or more nucleotide sequence 
changes into the DNA. Site-specific mutagenesis allows the production of mutants 
through the use of specific oDgonudeotide sequences which encode the DNA sequence of 
the desired mutation, as well as a sufficient number of adjacent nucleotides, to provide a 
primer sequence of sufficient size and sequence complexity to form a stable duplex on 
both sides of the deletion junction being traversed. Typically, a primer of about 17 to 25 
nucleotides in length is preferred, with about 5 to 10 residues on both sides of the 
piction of the sequence bnng altered. 

In general, the techm'qua of site-specific mutagenesis is weO known in the art as 
exemprified by pubDcations (Adelman et ai. 1983). As will be appreciated, the technique 
typicaUy employs a phage vector which exists in both a single stranded and double 
stranded form. Typical vectors useful m site^lirected mutagenesis include vectors such 
as the M13 phage (Messing al„ 1981|. These phage are readily commercially available 
and their use is generaDy wefl known to those skiHed in the art Double stranded 
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piasmids are also routinely employed in site directed mutagenesis which eliminates the 
step of transferring the gene of interest from a plasmid to a phage. 

In general, site-directed mutagenesis in accordance herewith Is performed by first 
obtaining a single-stranded vector or melting apart the two strands of a double stranded 
vector which includes within its sequence a DMA sequence which encodes the ElA gene 
or the LT gene. An ofigonucleotide primer bearing the desired mutated sequence is 
prepared, generally syntheticaHy, for example by the method of Crea et al. (1978). This 
primer is then annealed with the single-stranded vector, and subjected to DMA 
10 polymerizing enzymes such as £ coli polymerase I Klenow fragment, in order to complete 
the synthesis of the mutation-bearing strand. Thus, a heteroduplex is formed wherein one 
strand encodes the original non-mutated sequence and the second strand bears the 
desired mutation. This heteroduplex vector is then used to transform appropriate cells, 
such as £ c^>Ar cells, and clones are selected which include recombinant vectors bearing 
15 the mutated sequence arrangement. 

Kalderon et si. (1984) report several mutagenic methods which have proved useful 
in mutating the native LT gene. SpecificaUy, Kalderon et al. teach deletion mutations by 
displacement-loop mutagenesis and by the random insertion of EeoRI Gnkers into the LT 
20 gene. Further, point mutation by deletion-toop mutagenesis is taught. The reference also 
teaches screening procedures for deteran'ming the success of such mutations. The 
teachings of Kalderon et al. (1984) are incorporated by reference in this application. 

The preparation of sequence variants of the selected gene using site-directed 
25 mutagenesis is provided as a means of producing potentially useful E1A, IT, or other neu- 
suppressing species and is not meant to be fimiting as there are other ways In which 
sequence variants of these peptides may be obtained. For example, recombinant vectors 
era:oding the desired genes may be treated with mutagenic agents to obtain sequence 
variants (see, e.g., a method described by Eichenlaub, 1979) for the mutagenesis of 
30 plasmid DMA using hydroxylamine. 
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Other Structural Eouivalents 



in addition to the El A and LT peptidyl compounds described herein, the inventors 
also contemplate that other sterically shnBar compounds may be formulated to mimic the 
5 key portions of the peptide structure. Such compounds may be used in the same manner 
as the peptides of the mvention and hence are also functional equraalents. The 
generation of a structural functional equivalent may be achieved by the techniques of 
modelling and chemical design known to those of skiO In the art. It win be understood 
that all such sterically similar constructs fall within the scope of the present invention. 



BRIEF DESCRIPTIOW OF THf DBAWIWBS 



FIG. 1A and FIG. IB show E1A gene product effects on the neu promoter 

FIG. lA. Transcriptional repression of neu promoter by El A gene products. Rat-1 
cells were transfected virith 5 //g of the poefffwRl-CAT construct, which contains the 
CAT gene driven by neu oncogene promoter containing 2.2-kb upstream DMA sequences. 
Lane 1, basal neu promoter activity fits relative CAT actwity is defined as 100%); lanes 
2A. CAT activity after cotransfection with 10 //g of carrier DMA pSP64 vector {102%, 
lane ly, ElA^expressing plasmid pEIA (34%. lane 3); pEIApr. a plasmid containing only 
the E1A promoter (98%. lane 4). The CAT activities of a reporter plasmid, RSV-CAT, 
containing the CAT gene under the control of RSV LTR (10%, lane 5) were not 
significantly changed by cotransfection of 10 ;/g of pEIA 198%, lane 6| or 20 //g of 
pEIA (96%, lane 7). 



FIG. IB. Effect of various adenovirus eariy genes on neu prompter activity. The 
pfffiwEcoRI CAT was cotransfected with pSP64 vector or plasmid expressing various 
adenovirus eariy genes, ElA, Elb. E2A. and E3. as indicated. The relative CAT activities 
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are as foDows: SP64. 100%; El A, 35%, ElB, 97%, E2A, 99%, E3. 102%. RSV-CAT 
was used as a positive control. 

FIB. 2A, FIG. 2B. FIG. 2C, FIG. 2D, and FIG. 2E show transient expression from 
neu promoter with cotransfection with increasing amounts of pElA (FIG. 2A), pElA-13S 
(FIG. 2B), PE1A-12S (FIG. 2C), and pE1Ad1346 (FIG. 2D). A constant amount (5 //g) of 
the pfffitf&flRI CAT construct was cotransfected into Rat i cells with 5, 10, 15, and 20 
;/g of the test constructs. The total amount of the Uansfected DNA were kept constant 
by adding the appropriate amount of carrier ONA pSP64. The relative CAT activities 
witiiout ElA (lanes 0 m FIG. 2A, FIG. 2B. FIG. 2C, and FIG. 2D) are defined as 100%. 
The relative CAT activities with 5, 10, 15 and 20 //g of test constructs are as foflows: 
ElA. 68%, 35%, 26%. 17%; E1A-13S, 72%. 48%, 36%. 24%; E1A.12S, 66%, 46%, 
28%. 21%; ElAdl346. 102%. 103%. 99%. 102%, (HG. 2E). Summary of tiie effects of 
different ElA mutants on transient expression from the neu promoter. Schematic 
structures of tin proteins encoded by different ElA mutants are shown on the bar 
diagram. Hatched areas represent tiie conserved protein regions of the ElA products. 
Bar diagrams are not drawn to scale. 

FIG. 3A and RG. 3B show iocaGzation of ElA-responsive DNA element in the 
upstream region of neu promoter. 

FIG. 3A: Schematic maps of tite neu promoter 5' deletion constructs that were 
fused individually to tin CAT gene to create the plasmids as indicated by the names of 
the restiiction enzymes used for generating the constructs. 

RG. 3B: Level of expression of tiie CAT gene directed by each of the promoter 
fragment constiucts after transfection of 5//g of tiie plasmids mto Rat-1 ceOs with 10 
m of cotransfected pElA (E) or carrier DNA pSP64 (C). The names of restriction 
enzymes above each triplet assay refer to the constructs indicated in the maps. 
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FIG. 4A and FIG. 4B show derepression of neu by cotransfectlon of competing 
amounts of SaAXhcH neu promoter fragments. 

FIG. 4A: Rat-1 cells were transfected with 5 //g of the powfroRI CAT plasmids 
giving basal neu promoter activity (lane 1); the repressed CAT activity after 
cotransfectlon with 5 ;/g of the pEIA b shown in lane 2. Plasmids pBPGAIStu-Xlio 
containing the StiA XM neu promoter fragment cloned in pSP64 were cotransfected with 
pffwfiwRl-CAT and pElA. Lanes 3-6 show the competitive effects of bicreasmg 
amounts (5. 10, 15. and 20 //g, respectraely) of pSPMIStuXAo. Plasmids pSP64/Rl.jrAd 
containbig the EcOilXbal neu promoter fragment were also cotransfected with 
pflwfcoRI-CAT and pElA. Lanes 7-9 show CAT activities from neu promoter by 
cotransfecting 5, 10. and 20 //g of pSP64/RI-A'M respectively. The relative CAT 
activities of lanes 19 are as follows: 100%. 32%. 27%, 31%, 58%, 79%. 38%, 31%, 
24%. 

FIG. 4B: bnmunoblot for pl85 protein in the cell lysates of SK-BR S breast cancer 
cells transfected by pffwfcoRV CAT. Sevaity-five micrograms of protein from each 
sample was electrophoresed on 7% SDS/PAGE gels prior to transfer on nitroceUulose. 
Filters were blotted with the primary antibody mAb-3. Lane 1, lysates of SK-BR-3 ceUs 
transfected with 5 //g of pElA; lane 2, cotransfected witii 5 pg ElA and 20 ;/g of 
pSP84/RI-A'A9l; lane 3. cotransfected with 5 /yg of ElA and 20 fjg of fSPMIStuXho; 
lane 4, lysates of SK BR-3 cells after mock transfection. The protein size marker is 
shovim on the right. The arrow indicates the position of p185 protein. The pl85 protein 
bands were scanned by Bio-Rad video densitometer model 620 to determined the relative 
pl85 protein level. The pl85 protein level in the mock transfection sample is defined as 
100% and the relative amounts of pl85 proteins in lanes 1-3 are 57%, 54%. and 89%. 
respectively. 

FIG. 5 shows removal of the ElA mediated repression of neu by cotransfection of 
a 20fl)er oligonucleotide (SEQ ID NO.l) containing the consensus sequence. Rat i cells 
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were transfected with 3 //g of pneuEcm CM piasmids. giving basal neu promoter 
activity (lane 1); CAT activity after colransfection with 10 /iq of pEIA is shown in lane 
4. Two micrograms of the 20-iner double-stranded ofigonudeotide contaira'ng the 
consensus sequence (lane 2, Cons) was cotransfected with pwaifcoRV-CAT and pEIA 
(molar ratio of oligomenpfffittfcoRV CAT - 35:1), resulting in significant derepression; 
cotransfection of 2 //g of a 22-mer random nonhomologous origonucleotide with 
pfffifffcoRV CAT and pEIA had no significant derepression effect (lane 3, None). The 
values for relative CAT activity are the average of three studies. The upper strand 
sequence of the synthetic 20-mar oGgonucieotide is shown at the bottom; the proposed 
ElA-respondmg sequence is underlined. 

FIG. 6A, FIB. 6B, FIG. 6C, and FIG. 60 show E1A gene presence and protein 
production m cells. 

RG. 6A: Southern blot analysis of NIH3T3. B104-M and their transfectants 
using an fcoRI^ E1A DNA probe. 10 ftq of genomic ONA from the indicated cell Bnes 
were digested to completion with EcOW and SsA restriction endonucleases and subjected 
to electrophoresis on a 1% agarose gel. The ONAs were Uansferred to Nitran' fitter 
paper and hybridized with the E1A probe. The ONA markers are shown on the left. 

FIG. 6B: Immunoblot analysis for E1A proteins in the cell lysates of the indicated 
ceB imes. 50 //g of each sample were electrophoresed on 10% SOS-PAGE prior to 
transfer to nHrocellulose. Filters were incubated with the primary antibody M73 against 
E1A, obtained from Dr. LS. Chang of Ohio State Unhrersity. The protein molecular 
weight maricer and the position of El A proteins are shown on the right 25 //g of Cell 
lysate from 293 ceBs was used as a positive control. 



FIG. 6C: Immunoblot analysis for the nea encoded p185 protein m the cell lysates 
of the intficated cell lines. The studies were performed as described in section (FIG. 6B) 
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above. The primary antibody was mAB-3 against pi 85, purchased from Oncogene 
Science Inc. 

FIG. 6D: Southern blot analysis of the indicated ceil lines using rat neu DNA 
probe. The studies were performed as described in section {FIG. 6A) above. The DNAs 
were digested with BamHl restriction endonuclease. 

FIG. 7A, FIG. 7B, FIG. 7C. FIG. 70. HG. 7E. and FIG. 7F show morphologic 
effects of ElA expression in ffe{^transformed B104-M ceDs: (FIG. 7A) B104-M; (FIG. 
78) B-EIApr; (FIG. 7C) N ElA l; (FIG. 70) B-E1A-1; (FIG. 7E) B-E1A-2; (FIG. 7H B-E1A-3 
(Magnification: 130X). 



15 



25 



HG. 8A and FIG. 8B show E1A effects on ONA synthesis. 

FIG. 8A: I^H] Thymidine Incorporation of the indicated cell lines. 9 x lo^ cells 
weiB plated in 98 weD muHiwell plates and cultured in Dulbecco's modified Eagle medium 
supplemented with 10% calf serum for 18. 40 and 64 hours. CeU recehred a 2 hour 
pulse of 1 /jCi [^thymidine per weU to label those that were synthesizing DNA prior to 
harvest. Radioactivities of inifividual samples were counted by sdntillation counter. 
Average cpm counts were calculated from repGcated samples. 

FIG. 8B: Anchorage independent growth of El A transf acted B104-M and MIH3T3 
ceOs. 1 X 10^ cells were plated 'm 0.35% soft agar over a 0.7% agar lower layer. 
Colonies were counted after 4 weeks. A typical plate and the mean of triplicate samples 
plus or nvnus the standard error of the mean are shown for each group. 

FIG. 9A and FIG. 98 show the effects of a tumorigenicity study. 



30 



FIG. 9A: Summary of tumorigenicity of B104-M, NIH3T3 and their transfectant. 
1x10^ viable cells were injected subcutaneously brto right and left flanks of female 
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homozygous nu/nu mice, respectively. Tumor formation was scored at indicated days as 
presence or absence of a visible tumor mass. Sixteen days after injection, tumor volumes 
were estimated as the product of tri dimensional caliper measurements (longest surface 
length and width, and tumor thickness). N.D.: not detectable at the time of evaluation. 

FIG. 9B: A representative result of tumorigenicity study. From right to left: the 
animals were injected with B104-M, B E1A-2 or NIH3T3 ceOs 18 days prior to the 
photographing data. 

RG. IDA, FIG. 108 and FIG. 10C1, FIG. 10C2, HG. IOCS, and FIG. 10C4 show 
E1A inhibition of neu-ttansfomeA cells. 

FIG. IDA: El A gene products inhibited the cell motility of the neu-Uansfomei 
3T3 ceUs. N-E1A: NIH3T3 cells transfected with E1A; 8-neo: B104-M cells transfected 
with neomycin resistant gene; B-E1A-1 to 5: five independent cell lines generated by 
transfecting E1A gene into 8104-M cells. The motility assays were carried out by using 
a transwell unit with 5 //m pore size polycarbonate filter in 24 well cluster plate 
(Costar). Lower compartment of the transwell contained 800 fA of one of the 
chemoattractants: 20 fm fibronectin JFN) or 100 fm FN dissolved in 0MEM/F12, or 
hepatic endothelial cell conditioned media (HSE), or DMEM/F12 medial only as negative 
control. The cells (3 x 10^/0.1 ml in DMEM/F12) were plated in the upper compartment 
and incubated for 6 hours at 37'C in a humidified 5% COj atmosphere. After the 
incubation, the filters were fixed with 3% glutaraldehyde in PBS buffer and stained with 
Geimsa. ach sample was assayed in tripficate and cell motility was measured by 
counting the number of cells tfiat had migrated to the lower side of the filter. At least 
four HPFs were counted per filter. The number of cells migrated to DMEM/F12 has been 
deducted from each sample to eliminate the background and all the assays were done in 
triplicates. 
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FIG. 10B: E1A gene products inhibited the invasiveness of the //w-transfonned 
3T3 cells. The assay of m iritm invashreness was done basically as described by Albini 
et al, 1987 and Repesh, 1989. The basement membrane preparation, matrigel, was 
purchased from Collaborative Research, Inc. Fdters in the transweli unit (same as used in 
motility assay) were coated with 0.1 ml of 1:20 dilution of matrigel in DMDM/F12 media. 
Lower compartment contained 0.6 ml of HSE as chemoattractant or DMEM/F12 as 
negative control. The ceHs (5 x 10^/0.1 mi in DMEM/F12) were plated in upper 
compartment and incubated for 72 hours at 37'>C in a humidified 5% COj atmosphere. 
CeHs were fixed, stannd and counted. All the assays were done in tripKcate and assays 
1t| were repeated twice. 

FIG. IOC: Gross appearance of lungs from the mice injected with B-neo cells |FIG. 
lOCl), N E1A cells (HG. 10C2), BElA l cells (FIG. 10C3), and B-E1A.2 ceDs IFIG. 10C4); 
El A gene products inhibited the hing colonization of /7ei/ transformed cells. See legend 
1^ for Table 2 for methodological details. 

FIG. IIA and FIG. 11B show that E1A suppresses neitMwsA tumor formation 
and metastasis in vivo in nude mice. 

2' RG. 1 1 A: Top, animal injected with B104-M cells, a neu oncogene transformed 

NIH3T3 cell line; Bottom, animal injected with BE1A2 ceBs, an El A transfectant of 
B104M. Photographs were taken 18 days after injection, and results are 
representatwe of other tumorigenicity studies. 

2^ FIG. IIB: Left, gross appearance of lungs from mice injected with 8104-1-1 cells; 

Right, gross appearance of lungs from mice injected with the ElA transfected ceDs, 
B-E1A2. Mice were inoculated with 1 x 10^ cells/O.lml in PBS via the lateral taO vein 
at day 0, and were sacrificed 21 days after injection. The numbers of lung tumor 
nodules were determined following infiltration with India ink, only those lung nodules 
3(1 greater than 1mm in diameter were counted in the assay. 
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FIG. 12A, FIG. 12B, and FIG. 12C show the molecular characterization of the ipl. 
El A and ipLEfs transfectants described in Example IV. 

FIG. 12A: immunoblot analysis of El A proteins in the cell iysates of the indicated 
cell lines. Seventy-five mg of proteins from each sample were subjected to 
electrophoresis on 10% sodium dodecyi stdfateiiolyacrylamide gel prior to fransfer to 
nitrocelhilose. Filters were incubated with the primary antibody M73, which recognizes 
E1A proteins. The position of the E1A proteins are indicated to the left of A. 

FIG. 12B: immunoblot analysis of the c-e/^B-2{ffetf«ncoded p185 proteins in the 
cefl Iysates of the indicated cell fines. Seventy-five mg of proteins from each sample 
were subjected to electrophoresis on 10% sodium dodecyi sulfate-polyacrylamide gel prior 
to transfer to nitrocellulose, filters were incubated with the primary antibody c-/7w-Ab-3 
against p185. The position of the p185 proteins are indicated to the left of B. 

FIG. 12C: Southern blot analysis of ONAs from the ipLEIA and ipLEfs 
transfectants. Ten mg of genomic DNA from indicated ceD lines were hybridized with the 
fuH-length c-ariB-llneu cDNA probe. DNA maricers are shown to the right. 

FIG. ISA, FIG. 13B. and FIG. 13C show the reduced growth rate of the IpLElA 
transfectants versus control ipLEfs cells, the decreased I^Hjthymidine Incorporation by 
the ipLEIA transfectants versus control ipLEfs cells, and significantly inhibited colony 
fomnation for the ipl. El A transfectants versus control ipUfs cells, respectively. 

FIG. 13A: reduced growth rate of the ipLElA transfectants versus control ipKEfs 
cells. The m vhn growth rates of the cell lines were assessed by measuring increases in 
cell number with the MH assay (Alley et a/.. 1988). CeUs (2 x lO^/weB) were plated in 
96-well culture plates in 0.2 ml of culture medhmi. A total of 5 plates (9 welisfcell 
Gnefplate) were used. One of the plates was analyzed at 24-hour intervals after the 
addition of AO /A MH (Sigma Chemical Co.. St Louis. MO) stock solution (1.25 mg 



95/16051 



PCTAJS94/13868 



•37- 

MTT/ml of phosphate-buffered saline) to each weN on the plate. Cells were incubated at 
37*C for 2.5 hours, the medium was aspirated, and the cells were lysed in 100 fA of 
dimethyl sulfoxide. Conversion of MTT to formazan by metaboHcally viable cells was 
monitored by a Dynatech MR 5000 fluorescence microplate reader at a wavelength of 
5 450 ran. Results were analyzed by regression analysis. Each study was repeated for 
each cell Gne at least twice. 

FIG. 13B: decreased f^HJthymidine incorporation by the ipLEIA transfectants 
versus control ipLEfs ceHs. For this assay, 10 replicated ceU samples were plated into 
OB-well plates at a density of 8 X 10^ ceDs/weli in culture medhim. tohyraidine |1 
//Ci) was added to each well at 24. 48, and 72 hours, respectively, with continuous 
incubation after each addition for 12 hours at 37»C. CeHs were harvested, and cellular 
DNA was bound to fiberglass filters. The radioactivity of each filter was counted with a 
scintiUation counter. Average cpm were calculated from ten repficate samples. 

FIG. 13C: significantiy inhibited colony formation for tiie ipLEIA transfectants 
versus control ipLEfs cells (P < 0.01).' Soft agar assays were perfomied as previously 
described (Matin et a/.. 1990). CeHs (1 x lo^ ceUs/well) were plated in a 24-wen plate 
in culture medium containing 0.35% agarose (BRL, Gaithersburg, MD) overlying a 0.7% 
agarose layer. The cells were then incubated at 37«C for 5 weeks, after which tiie 
plates were stained with ;7-iodonitrotetrazoGum violet (1 mg/ml) for 48 hours at 37"C. 
Colonies greater than 100 fm were counted for each dish and cefl Ene. The numbers of 
soft agar colony are shown m the figure. Studies were repeated four times for each cell 
line. 

FIG. 14A and FIG. 148 show the E1A suppressed tumor formation by 
c erftB2-/ffw werexpressing ovarian cancer ceHs and tiie longer survival of mice given 
Injections of ElAexpressmg IplilA cells versus mice given injections of ipI.Efs human 
ovarian cancer cells. 
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FIG. 14A: E1A suppressed tumor formation by c-«*B2-//?fitf-overBxpressing ovarian 
cancer cells. Four- to 6-week old athynwc female homozygous nu/nu mice were purchased 
from the Animal Production Area, National Canter institute-Freden'ck Cancer Research 
Facility (Frederick, MD) or from Harlan Sprague Dawley, Inc., (Indianapolis, IN). The care 
and use of the animals was in accordance with institutional guideHnes. For 
tumorigeniaty assays, ceBs in log-phase growth were trypsinized, washed twice with 
phosphate4iuffered safine, and centrifuged at 250 x g. The viable ceils were counted; of 
those, 3 X 10 ceDs in 0.1 ny of phosphate-buffered safine were injected subcutaneously 
(s.c.) Into both the right and left flanks of female mice under aseptic conditions. Tumor 
volumes were estimated as the product of three-dimensional caliper measurements 
(longest surface length and width; tumor thickness). The growth of tumors was 
monitored for a minimum of 80 days and a maximum of 160 days, as shown by the days 
indicated In the figure. 



15 FIG. 14B: longer survival of mice gWen injections of ElA-expressfaig ipLElA cells 

versus mice given mjections of ipLEfs himian ovarian cancer cells (P < 0.01). To 
assess the formation of malignant ascites after l.p. injection, suspensions of cells 
(harvested as above) at concentrations of 1 x 10^ in 0.2 ml of Hank's balanced salt 
solution were injected i.p. Into individual fonale m^nu mice. In two studies, totals of 
20 nine mice for the IpI.Efs Dne, eight mice for the ipLElAI fine, and nine mice fore the 
ip1.ElA2 fine were graen iiqech'ons. Mice were initially observed twice a week for signs 
of tumor developmmt and then daily when any or all of tiie following tumor symptoms 
appeared: abdominal bloating, loss of subcutaneous fat, hunched postiire, and decreased 
movement. Mice were kiDed when they appeared moribund or, judging from the inventors 
25 previous experience, would not survive more than 2448 hours. Symptom-free mice were 
killed 120 days after injection. Autopsies were performed on ell mice killed.. Similar 
results were obtained from the two stiidies, and results were combined for analysis. 

FIG. 15A, HG. 15B, and FIG. 15C show expression of /jeff-encoded pi 85 and LT 
30 in 8104-1-1 cells stably transfected witii plasmids encoding LT. 
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FIG. 15A: Immunobtotting for anti-pi 85 of whole cell lysates from B104M 
cells stably transfected with LT: BTnlB (lane 1), BTnl4 (lane 2), BEnS (lane 3) and NIH 
3T3 (lane 4) cell lines. Following transfer to nftrocellulose, the blots were probed with 
monoclonal anti-p185 antibody (e aeu, Ab-3. Oncogene Science) followed by goat 
antl-mousB conjugated to horse radish peroxidase. The blot was subsequently developed 
using horse radish peroxidase substrate and hydrogen peroxide. 

FIG. 15B: Immunoblot for LT of whole ceU lysates of the stable transfectants. 
Blots were probed with anti-LT (SV 40 T Ag. Ab.2, Oncogene Science) and then wHh 
I125II.protein A. Washed and dried blots were exposed for autoradiography. Lysates of 
BTnlB. lane 1; BTn14, lane 2; BEn5, lane 3 and NIH 3T3 cell line, lane 4. 

FIG. 15C: Southern blotting for genomic oeu using 32P-labelled 0.4 kb and 0.8 kb 
BaiiM\ fragments (11) from neu cONA probe to hybridize with Ba/tMl digested genomic 
DNA isolated from BTnlB, lane 1; BTn14. km 2; BEn5, lane 3 and NIH 3T3 cells, lane 
4. The rat /7£vspecific bands are indicated by a triangle. 

FIG. 16 shows the effect of LT on the upstream regulatory sequences of neu and 
epidermal growth factor receptor. One mg of pflwfipoRlCAT (lanes 1 and 2) or 
pEGFrCAT (lanes 3 and 4) were cotransfected into NIH 3T3 cells with 10 mg of plasmfd 
encoding LT. pVU O flanes 2 and 4) or wHh control ptasmid, pSV2E (lanes 1 and 3) which 
does not contain LT coding region. Transfections and CAT assays were carried out as 
described previously (Yu eta/. 1992). CAT assays were standardized to equal protem 
concentrations of the cell extracts. The study was repeated 4 times and experimental 
error was within 13%. One representative set of data is shown. 

FIG. 17 shows the effect of increasing concentrations of LT on the activity of 
the regulatory sequences of nea. Two and 10 mg of pVU O were cotransfected with 1 
mg of foeuEcoHmi imo NIH 3T3 cells. The total amount of DNA transfected was 
equal for aU reactions, with the control plasmid, pSV2E, being used to make up a final 
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DNA concentration of 11 mg. Lane 4, M, is control CAT assay of extracts from 
untransfected NIH 3T3 cells. Representative data of 3 studies is shown; standard 
deviation was 11%. 



FIG. 18A and H6. 18B show data from serial deletions. 

FIG. 18A: Series deletion-CAT constructs of the rat neu promoter. 

FIG. 18B: Mappng of LT responding region in the neu upstream regulatory 
sequence using the neu deletion CAT constructs. One mg of each of the neu deletion CAT 
constructs were cotransfected into NIH 3T3 cells with 10 mg of the LT-producing 
plasmid, pVU-0 Ondicated by +) or 10 mg of filler plasmid, pSV2E (indicated by Set 
1, vneuEcomkV. set 2, pfleaWalCAT; set 3, ^euEccmim-. set 4, pffwfwRVCAT; 
set 5, ^neuStiAZkV. set 6. pyiea^JolCAT; M. control CAT assay of extracts from 
untransfected NIH 3T3 cells. Each set (set 1, set 2, etc.) of CAT reactions witii (+) and 
without LT (•) were standardized to equal protem concentrations. 

FIG. 19 shows gel shift assay demonstrating DNA protein complex formed with 
the Xhol Narl region of the neu promoter. The ^labelled DNA is the 94 base pair 
Xhol Narl fragment Lanes 1 and 2, nuclear extract from NIH 3T3 cells; lanes 3 and 4, 
nuclear extract from BTn 14 ceO Ene. Lanes 2 and 4 contain approximately 250-fold 
unlabelled XhiA Naii fragment as specific competitor. Lane 5. ^P-labelled XhoVNai\ 
fragment only, incubation of probe (10^ cpm) with nuclear extracts (3//g) were carried 
out as described (Dynlacht et aL. 1991) and samples were electrophoresed tivough a 
native 4.5% polyacryiamide gel (80:1; acrylamidelisacrylamide) containing 0.5X TOE (45 
mM boric add, 1 mM EOTA. pH 8) for 2.5 hours at 40«»C. F indicates free probe. 



FIG. 20A. FIG. 208. and HG. 20C show tiie effect of mutant IT on neu promoter 

activity. 
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FIG. 20A: Schematic diagram of LT showing Rb binding domain (shaded black). 
K1 encodes LT with single amino acid change (glu 107 to lys) in the Rb binding domain 
of the 708 amino acid LT protein. 

FIG. 20B: Acthnty of powXholCAT (with control plasmid pSV2E) and inhibition 
of activity in the presence of wOd type LT (WT). and mutant LT (Kl). One mg 
pneuXMCM was cotransfected with 10 mg of fSler plasmid, pSV2E. or wild type LT 
(pVU-0) or mutant LT (pKI). 

10 RG. 20C: Effect of K1 on the transforming activity of activated i/e^f. Onemgof 

dVeu-m was cotransfected with 2 mg of K1 ami 0.1 mg of pSV2neo into Rat i cells. 
pSV2E was used as filler plasmid so that a final 5 mg DNA was transfected into cells. 
Cells were split 1:4 48 hours after transfection and duplicate plates were subsequently 
grown in regular medium {DMEM/F12 plus 10% calf serum) or regular medium 
15 supplemented with 250 mg/mL G418. Fod and G418-resistant colonies were stained and 
counted after 3-4 weeks. Results are expressed as ratio of foci to that of 
G418.resistant colonies from each transfection to correct for transfection efficiency. The 
number of foci from transfectmg dVeu-m alone was set at 100%. 

20 RG. 21 shows Bposome-deWated direct gene transfer techniques aDow the 

deDvery of the ElA gene to m^-overexpiessing SK-OV-3 human ovarian cancer ceB. The 
three mice were each injected with SK-OV-3 cells, five days later, the mice were 
injected with (1) ElA DNA only, (2) complex of liposome and Efs DNA (an ElA frame 
shift mutant that does not cause active ElA to be produced), and (3) complex of 
25 liposome and ElA DNA. Booster injections of the same compositions were ghren each 
respective mouse on a weekly basis for the remainder of the mouse's life. Mouse 1 
developed extenswe bloody ascites and died 65 days after SK OV-3 injection. Mouse 2 
developed extensive blood ascites and a large tumor and died 76 days after the injection 
of SK-OV-3 ceOs. Mouse 3 appeared healthy and was alhre 160 days after SK OV-3 
30 injection. 
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FIG. 22 shows the infection efficiency of adenovirus in ovarian cancer SK OV- 
3|i.p.). SK.0V-3{i.p.) in 6 well plates (2.5 x io5/well) were infected once by Ad.RSV^gal 
at different vims/tumor cell ratios. Two days later. ceHs were fixed and stained with X- 
Gal. Infection efficiency - No. of pos'itive cells/No. of total cells x 100%. 



FIG. 23 shows a growth curve of SK-0V-3(i.p.) after treatnient by Ad.E1A in 
vitro. SK-0V-3(i.p.) in 12 weU plates (lO^/weB) were infected once by 2 x iflS 
adenovirus and cell growth was followed for 7 days. 

FIG. 24 shows colony fonnation in soft agarose. SK OV-SILp.) cells were infected 
once with adenovirus at a virus/tumor ratio of 20/1. Aliquots of 5 x lo^ cells were 
mixed with 0.35% agarose in DMEM medium and plated over a base layer of 0.7% 
agarose. Culture medium was allowed to harden in 6 well plates (n-3). Colonies were 
stained and counted about 6 weeks later. 

FIG. 25 shows the Ad. El A therapeutic effect on ovarian cancer SK 0V-3R.p.) 
SK 0V.3fi.p.) (lO^/mouse) were injected l.p. in female nu/nu mice. Rve days later, mice 
were ghren l.p. injection of 0.1 ml of viral solution (titer: 2 x lO^ PFU/ml) once/day for 
three days, then once/week for 4.5 months. The responses and survival rate were 
observed for more than one-half year (n-5). 

FIG. 26A and FIG. 26B show in mo Ad.RSV;Sbal-mediated transfer of the lacZ 
gene to intraperitoneel SK-0V.3(i.p.), 2eA; and to intratracheal H820, FIG. 26B. 



FIG. 26A: Mice were administered intraperitoneal SK.0V-3(i.p.), two months later 
after tumor development, Ad.RSV;8iial was administered intraperitoneaDy. Tumor and 
organs were evaluated for the presence of ;?-gal usfaig X-Gal. The lacZ gene was 
locaOzed in tumor cells and only slight jJ-gal activity was detected bi normal organs. 
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FIG. 26B: Mice were administered intratracheally H820. Two months later, after 
tumor development, AD.RSVyffgal was administered intravenously. Tumor and organs were 
evaluated for the presence of yff-gal using X Gal. The lacZ gene was locaHzed in tumor 
cells and only sfight /ff gal activity was detected in some normal organs. 

FIG. 27 shows the survival of mice bearing ovarian cancer 2774 after treatment 
by Ad.E1A, Human ovarian cancer cefl Kne 2774 which has low level expression of HER- 
7\neu was injected Lp. into nufnu mice {5 x lO^/mouse). Hve days later, mice were 
given i.p. injection of 0.1 ml of viral solution (titen 2 x loV) oma/day for three days, 
then once/week for 4.5 months. The responses and survival rate were observed. 
AD.E1A(+» did not have significant therapeutic effect in 2774. Analysis of the results 
and the data of SK.OV-30.p.) which has high expression level of HER-2//7W indicate that 
AD.E1AI+) can speoficaUy inhibit the growth of tumor which has high expression level of 
mUneu. 

FIG. 28A. FIG. 28B, and FIG. 28C show a histoimmunochemical analysis of 
representative histological sections of treated and control mice. 



FIG. 28A: Histological section from intraperitoneal SK 0V-3(i.p.) stained with 
20 hematoxylin and eosin. 

FIG. 28B: Expression level of VER-Hneu P185 protein: stabted by polyclonal 
antibody against P185 with ABC alkafim! phosphatase substrate kit. Posithre: red color. 

25 HG. 28C: Expression of AD.E1A protein: stained by monoclonal antibody against 

AD.E1A with ABC ACE substrate kit for horseradish peroxides. Positwe: dark red color. 
Ad.E1A protein was detected In tumor tissue treated by Ad.E1A|+) in mo. The 
expression level of HER-2//7fiir P185 was greatly inhibited in treated mouse tumor tissue. 
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FIG. 29A, FIG. 29B, and FIG. 2SC show representative mediastinal blocks of 
treated and control mice, see Table 3 for details. Arrow: Tumor. 

DETAILED DESCRI PTION OF THE PBEFERRED EMBDDIMPIUTfi 

The aeu oncogene is a transfomiing gaie originally identified from rat 
neuro/gfioblastomas (Shih et ah, 1981). Subsequently, both the activated neu oncogene 
and its noimai cellular counterpart, the normal neu g«ie, were cloned from rat and human 
fibraries (Bargmami et ah, 1986; Coussens et al.. 1985; Hung at a/., 1986; Yamamoto et 
a/.. 1986). The neu gene encodes a ISS KDa transmembrane protein (pi 85) which is 
related to, but distinct from the epidermal growth factor receptor (EGF r). The aeu 
encoded p185 and EGF r have identical gross structural organization including ligand- 
binding, transmembrane and intracellular kinase domains and also share extensive 
sequence homology, specifically, >80% of the amino acids in the tyrosine kinase domain 
are identical. Recentiy, the ligand for tiie /retf-encoded pi 85 protein has been functionally 
identified in rat celts and isolated from human breast cancer cells, which will facilitate 
the better understanding of the function of the neu- encoded pi 85 protem In normal and 
mafignant cell growth and development (Lupu eta/.. 1990; Yarden eta/., 1989). 

The activated aea oncogene contains a single amino acid substitution in the 
transmembrane domain and possesses an increased tyrosine kinase activity when 
compared to its normal counterpart. Furthermore, it has demonstrated tiiat amplification 
of the neu protooncogene facilitates oncogenic activation by a single point mutation (Hung 
et a/., 1989). The human homologue of the rat neu oncogene, also named as HER-2 or c- 
erbB2, has been shown to be ampfified/overexpressed in 25-30% of human primary breast 
cancers and ovarian cancers (Hung eta/., 1988; Slamon eta/., 1987). Breast cancer 
pati'ents witii aeu overexpression show a significantiy lower overall sunnval rate and a 
shorter time to relapse tiian those patients witiiout neu overexpression, suggestmg that 
neu overexpression may be used as a prognostic factor (Id.). Amplification/overexpression 
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of the human neu gene has also been shown to correlate with the number of axillary 
lymph nodes positive for metastasis in breast cancer patients (Id.). These studies 
strongly suggest that the neu oncogene may play an important role in mafignant 
transfonnation and metastasis. 

A. EXAMPLES OF NBU SUPPRFSSIQiy WITH Elfl 

The primary function of the adenovirus ElA gene is to activate other adenoviral 
genes during a permissm! viral infection by modifying the host cell transcriptional 
apparatus, thereby resulting in host ceH immortalization of transformation by the whole 
adenoviral eariy region (Beric et aL. 1986). AHhough both transcriptional activation and 
transcriptional repression of non adenoviral genes by the ElA proteins have been reported 
{Borreffi et aL. 1984; Hen et al.. 1985; Ulfie et a/.. 1989; Sassome-Lorsi et a/.. 1987; 
Stein et al, 1987), their functional significance and physiological impact is unclear in 
many cases. Interestingly, it has been shown that exogenously added ElA gene can 
reduce the metastatic potential of ras tiransfomied rat embryo fibroblasts (REF) cells by 
activating the cellular nm23 gene which is a lately cloned and characterized cellular 
metastatic suppressor gene (Pozzaati eta/.. 1988). Additionally, the transfected ElA 
gene has been shown to repress secreted protease gene expression at the transcriptional 
level and inhibits metastasis of human tumor cells (Liotta, 1989). 



Recentiy, tiie present inventors have stiidied the effects of the ElA gene 
products on the promoter actwity of the neu gene and found that ElA proteins can 
repress the expression of both human and rat neu oncogene at the transcriptional levd. 
Since both tin neu gene and the ElA gene are wen-known transforming oncogenes, these 
findings raised an interesting question: Is It possible tiiat the ElA proteins may act as 
transformation suppressor for the ffevtransfomied cells via transcriptional repression? 



3) 



To address this question, the Inventors undertook to develop a biological 
functional assay system in which the effects of ElA could be stiidied. The ElA 
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1. Materials and Methods 
8. Plasmids 

The recombinants used in this study have been described. pEIA (Chang et a/.. 
1989: Hearing et al., 1985) is a plasmid expressing only the E1A region gene; pE1A12S 
and PE1A13S (Hearing et al., 1985) express 12S E1A protein and 13S E1A protein, 
respecthrely; pE1A-dl343 (Hearing et al.. 1985) contains a 2-bas8-pair (bp) frameshift 
deletion in the ElA coding sequences (adenovirus nucleotide sequence positions 621 and 
l(j 622); pE1A-dl346 (Hearing et al.. 1985) contains an in frame deletion of nucleotides 859- 
907 (48 bp), resulting in the deletion of 16 amino adds inside the CR2 of the El A 
proteins; pEIApr contains only the E1A promoter (499 to +113 relative to the E1A cap 
site); PE2A-CAT (Chung et al.. 1989) is a reporter plasmid containing E2 eariy promoter 
fused with the chloramphenicol acetyltransferase (CAT) reporter gene; pRSV-CAT is a 
1^ reporter plasmid containing the CAT gene under the control of the Rous sarcoma virus 
(RSV) long temnnal repeat (LTR); pEIB. pE2. and pE3 are plasmids expressing E1B, E2. 
and E3 genes, respectively. pflwfwRl-CAT contains the 2.2-ltnobasB (1(b) rat neu 
promoter and upstream sequences Bnked to the CAT gem:. The deletion mutant of the 
neu promoter used in this study are described m the legends to FIG. 3 arid FIG. 4A. 
2(j pRSV-^-gal contains the RSV LTR finked to ^galactosidase gene used as an intemal 
control for transfection efficiency. 

b. Cell Cultures 

2^ Ceil cultures were performed as described (Hung et al., 1989; Matin, et al.. 

1984). The Rat-l and SK-BR S cefls were grown in Dulbecco's modified Eagle's medium 
(DMEM) supplemented witfi 10% calf serum ami fetal caK serum, respectively. 
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c. DNA Transfection 



AH transfections were carried out with tlie calcium phospliate precipitation 
technique of Graham and Van der EB as modified by Anderson et al. (Hung et a/.. 1989; 
Anderson st al. 1979; Ausubel et al., 1987). in each transfection, 8 x 10^ Rat i ceUs 
or 2 X 10^ SK BR-3 ceHs (2 x 10 cm dishes) were seeded 24 hours before transfection. 
Total transfection DNA was kept constant (maximum, 30 //g) among different samples in 
the same experiment by adding approximate amounts of carrier DNA (pSP64). 



d. CAT Assays 

Cell extracts were prepared 40 hours after transfection. Portions of ceO lysates 
were assayed for B-galactosidase activity from the cotransfected pRSV-^gal plasmid. All 
CAT assays (Gorman et at.. 1982) were normalized to the internal transfection efficiency 
control. The CAT assay monitors acetylation of I^^CJcMoramphenicol in ceH extracts; 
[^^Cl chloramphenicol and its products are separated by tirai-layer chromatography (TLC) 
and visualized by autoradiography, bidlvidual spots on TLC paper were cut, their 
radioactivities were assayed by liquid sdntiUation spectrometry, and the relative CAT 
activities were calculated accordingly. Each experiment has been reproducibly repeated at 
least three times and a representative of several studies is shown. 

e. Inununoblot 



SK-BR-3 ceH lysates were made 40 hours after transfection and immunoblots 
were perfomied as described (Matin et al.. 1984). The mAb-3 monoclonal anti-body 
against the human nea gene product.- pl85 protein ~ was purchased from Oncogene 
Science. 
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Results 



a. 



Transcriptional Repression of neu by the Adenovirus 5(AD5) El A 
Products 



A DNA segment of 2.2 icb contaimng the neu promoter and upstieam sequences 
was fused with the CAT expression vector to generate the pffwfroRI-CAT plasmid. in 
transient-exprBssion assays using Rat-1 cells (RG. 1A). a cotransfection of vneaEam ZM 
with pElA, a plasmid expressing the E1A gene, led to a significant decrease of CAT 
actwity. Cotransfection with pSP64, a plasmid vector, had no effect on CAT activity. 
To rule out the possibifity that decreased transcription from neu promoters could be due 
to the titration of cellular transcription factors by the cotransfected El A promoter, a 
deletion mutant, pEIApr, which contains only the E1A promoter, was cotransfected with 
pff«/fcoRI-CAT. No effect on CAT activity was observed. A reporter plasmid contaimng 
the CAT gene under the control of the RSV LTR was not ElA responsive, indicating that 
decreased CAT expression was not due to a general decrease of transcription by E1A. 

In parallel studies, stimulation of transcription from the E2A transcription unH by 
the E1A products was assayed by cotransfecting pEIA and pE2A CAT (CAT gene driven 
by E2 eariy promoter). The results showed that repression of oeu and transactivation of 
E2A promoter occur In the same range of pEIA concentration. To see if other 
adenovirus eariy gewis can repress the neu promoter, plasmids expressing the eariy genes 
of adenovirus indhndually were cotransfected with pffwfwRI-CAT (FIG. 1BJ. No change 
in CAT activity was observed witii E1B. E2, or E3 alone, indicating the among tiiese 
eariy genes of adenovirus, only the E1A gene could function as a repressor of the neu 
promoter. 
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b. Repression of neu Is E1A Concentration Dependent and Requires the E1A 
Conserved Region 2. 

To further study the interactions of El A genes products with the neu promoter, 
increasing amounts of pElA were cotransfectcd with ^euEco?\ ZK\ in ratios of 1:1, 
2:1, 3:1, and 4:1 (FIG. 2A). Inhibition of the gene expression directed by the neu 
promoter was found to be dependent on pEIA concentration, and 50% repression could 
be observed at as low as a 1:1 ratio of pE1A:p;7^^£r/;RI CAT. 

10 The Ad5 El A gene produces two major spliced products, the 12S and 13S 

mRNAs, that encode proteins 243 and 289 amino acids long, respectwely (Moran et aL, 
1987). To determine which E1A gene product was responsible for the observed 
repression, the same studies were performed with recombinant plasmids expressing either 
12S or 13S E1A gene product (pE1A-12S and pE1A-13S). As shown in FIG. 28 and FIG. 
15 2C, both the 12S and 13S products were effective at repressing neu transcription in a 
concentration-dependent manner. 

The El A gene products contain three highly conserved regions; CRl, CR2, and 
CR3 (Moran nt aL. 1987; Van Dam et aL 1989). CRl and CR2 exist in the 12S and 
20 13S, whereas CR3 Is unique to the 13S product. Since 12S itself can repress neu 
efficiently, the inventors reasoned that the CR3 is dispensable for transcriptional 
repression iAneu by E1A. 

To further localize whether the CRl or the CR2 in the El A protein was required 
25 for efficient repression of neu, parallel studies were performed using deletion mutants 
pEI Adl343 and pEl Adl34B (Hearing et aL. 1985). The pEl Ad1343 mutant contains a 
2-bp deletion in the El A coding sequence, resulting in a frame shift in ail three conserved 
regions of the El A products and leaving only the N-terminal 40 amino acids intact. No 
effect on CAT activity was observed when pElAdl343 mutant was cotransfected mth 
30 pfffftfEcoRI-CAT. The pElAdl346 mutant containing an m-frame deletion, which removed 
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16 amino acids within the CR2 but reserved the CRl, failed to express neu transcription 
IFIG. 2D). The mventors concluded that the CR2 of El A gene products is required for 
efficient transcriptional repression of neu (FIG. 2E). 

c. Localization of Target DMA Element in the iteu Promoter Responding 
to E1A Repression 

To localize the DNA element in the neu promoter that mediates the transcriptional 
repression by the E1A products, a series of 5' deletion constructs containing portions of 
1) the neu promoter finked to a functional CAT gene were cotransfected with pEIA into 
RaM cells (FIG. 3A). The transient expression of the CAT gene driven by each of these 
promoter fragments after transfection with control plasmid vector pSP64 or with pElA in 
a ratio of 1:2 is shown in FIG. SB. Only the fineuXM ZM containing the smaHest 
promoter fragment was not repressed by E1A. Cleariy the activity of a site within the 
5tol-A»fll restriction fragment is sensitive to ElA repression. This Sta\X/io\ fragment is 
sensitive to ElA repression. This StiAXM fragment is located between -198 and -59 
with respect to the transcriptional start site of neu. The inventors concluded that the 
target DNA element responding to ElA repression resides inside this ISD-bp StiAXM 
fragment. 



2) 



d. Evidence for the Invohrement of Trans-Acting Factor(s) 



To examine whether this repression by the ElA products is a trans-acting 
process, the inventors attempted to remove the repression by cotransfecting a third 
2p recombinant pSPMIStu-X/to. contaming only the StiAXhiA restriction fragment cloned in 
pSP64. Increasing amounts of ^miStuXAo. in cotransfections In which transcription 
of pffwfcoRI-CAT was repressed by pEIA, refieved the repression of aeu transcription in 
a concentration-dependent manner (RG. 4A). In contrast, no derepression was observed 
when pSP64/RI-A;to containing the £coR\ Xba\ restriction fragment doned in pSP64 was 
33 cotransfected. the derepression was effective at a 4:1 ratio of fSPMIStu- 
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XAoiptteuEcom m (FIG. 4A, lane 6). indicating that the StiAXM fragment can 
efficiently compete with the oeu promoter for the transcription factorls) involved in the 
repression of oeu by ElA. These results confirm that the target for the E1A repression 
in the Mu promoter is a cis DMA element within the SM XM fragment of this promoter. 
Furthermore, this repression of transcription may invohre an interaction between the DNA 
element and either the E1A products or some cellular transcription factors(s) interacting 
with or induced by the E1A products. 

e. Repression of Human aea Expression in SK-BR-3 Cells 



Comparison of the StiAXM fragment of rat neu promoter sequence with its 
counterpart sequence in human nea promoter ITal et a/.. 1982) reveals >86% homology. 
It was suspected by the inventors that the human iteu gene might also be repressed by 
E1A at transcriptional level by way of similar mechanisms. If this is the case, 
15 cotransfection of the StiA XM fragment of rat neu promoter might be able to relieve the 
repression of human /iffff incurred by El A. 

To test this possibility, cotransfection studies were carried out by using as 
recipient cells human breast cancer cell line Sk Br S, which is icnown to overexprcss 
human oeu mRNA and p185 proteins (Kraus et aL. 1987). Immynoblotting studies with 
SK-BR-3 ten lysates showed that the expression of human neu gene products, the p185 
protein, was reduced by introduction of E1A IFIB. 4B, compare lane 1 with lane 4). 
Cotransfection of pSP84/Rl.Afe plasmids with pEIA at a 4:1 ratio was ineffective in 
removing the repression of p185 expression by E1A, whereas cotransfection of 
25 pSP64/5to-A»<» with pEIA at the same ratio relieved tiie repression by El A. 

It is known that the maximum efficiem:y of transient transfection can reach only 
50% (Chen et a/., 1988); the otiier 50% of nontransfected Sk Br-3 cells should still 
produce high levels of p185 proteins, which can result in high background in the E1A- 
30 mediated repression of p185. Therefore, tiie repression effect on the endogenous oeu- 
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encoded p185 by transiently transfected E1A in the Immunoblottlng assay was not as 
dramatic as that observed In CAT assays. However, the small difference was detected 
reproducibly. The best interpretation of the results is that ElA can repress human neu 
promoter at transcriptional level by targetmg at the ds acting DMA element in human neu 
promoter correspondino to the SttAXhiA fragment of rat neu promoter. 

f. The Sequence T6GAATG is an Important Site for the ElA Medlated 



10 E1A has been reported to repress enhancer mediated transcription activation of 

simian virus 40 (Borrell et al, 1984). poiyomavirus (Velcich et al. 1986), immunoglobulin 
heavy cha'm (Hen et al, 1985), and insuHn gemis (Stein et al., 1987). Comparison of the 
enhancer sequences of these genes reveals a consensus sequence (shown overieaf), which 
is Bkely to be the core sequence of the ElA responding element. 
15 

AAA 
(G)TGGTn(G) 

However, there has been no experimental evidence to support this notion. A sequence, 
20 TGGAATG, that matches the consensus sequence has been fund in the StiAXhtA ElA- 
responding element of the rat neu promoter. An identical sequence also exists in the 
corresponding region of the human neu promoter (Tal et al., 1987). It is therefore 
concewable that the sequence TGGAATG may be an important target sequence for the 
ElA-induced repression. 
25 

To investigate this possibility, a 20<nBr oligonucleotide (SEO ID N0:1) from the 
rat neu promoter contaira'ng the sequence TGGAATG was synthesized (FIG. 5). This 
oDgonucleotide efficiently competed with the neu promoter for the transcriptional 
factors{s) invohred in the repression of neu by E1A, resulting in a derepression effect 
30 (FIG. 5, lane 2), whereas a 22-mer random nonhomologous oligonucleotide had no 
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derepression effect (FIG. 5. lane 3). These data provide experimental evidence that the 
20-mer ongonucleotide harbors a critical sequence required for the ElAnnduced inhibition. 
Since the sequence TGGAATG within this 20^ner oDgonucleotide resembles the consensus 
sequence in the enhancer sequences of other genes that can be repressed by ElA. it is 
Dkely that this 7-bp sequence is the critical sequence that is mediating the ElA effect. 

3. Discussion 
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The foregohig results show that in a eotransfection system, the ElA gene 
products repressed the neu expression at the transcriptional level. It is further 
demonstrated that the repress'nre effect on neu expression is lost in ElA products when 
part of the CR2 (amino acids 120-136) is deteted. Notably, a structure motif m this 
deleted part of the adenoviral ElA CR2 region is shared among the papovaviral large 
tumor antigens, the v- and c mye oncoproteins, the E7 transforming proteins of human 
papilloma viruses, and the yeast mitotic regulator DCD25 gene product (Rgge et al.. 
19881. This region encoding the shared motif is also required by ElA, s'mrian virus 40 
large tumor antigen, and human papilloma viruses 18 E7 for their specific binding to the 
human letinoblastoma gene product, RB protein (Whyte et al.. 1988; Whyte et al., 1989). 

These studies further ehicidate the oligonucleotide sequence mediating ElA- 
induced repression in the upstream region of m promoter. The sequence TGGAATG is 
perfectly conserved between rat and human neu promoter, which is indicative of 
functional fanportance. In addition, this sequence matches the consensus sequence of 
other genes tiiat can also be repressed by ElA at transcriptional level. Taken together, 
these findings suggest that there may be common mechanisms imrolved in tius type of 
ElA-mediated repression. It has been proposed that ElA may fomi a complex with 
cellular transcription factor(s) and thereby modulate tiie specific binding of tfie 
transcription factorfs) to enhancer elements tiiat are important for transcription (Mitchen 
et al.. 1989). Identi'fication of the defined DNA sequences responsible for tiie ElA- 
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mediated inliibition of nea transcription wiH aHow us to Identify tlie transcription factor(s) 
involved in this process. 

The neu protooncogene is notably amplified in patients with metastatic breast 
cancer. Expression of the ElA gene can inhibit experimental metastasis of ras oncogene- 
transformed rat embryo ceHs. Here, it Is shown that neu transcription can be repressed 
by E1A products in an estabfished rat embryo fibroblast cell line. Rat i. Furthermore, the 
inventors have fowid that in SK-BR-3 human breast cancer cells expression of the p185 
protein, the human neu gene product, was reduced by introduction of E1A gene. The 
1(j derepression effect observed m the cotransfection experiment with the StdiXhiA fragment 
has demonstrated that this reduction of p185 proteins Is filcely due to the similar 
transcriptional repression mecharo'sms. 

Example II 

Adenovini$-5 E1A Gene Products Act 8s a 
Transfnrmafinn SiiiiprB««nr of Neu t^nta^ t^^^ 

in Example I, transcription of the neu protooncogene was shown to be suongly 
repressed by adenovirus-5 ElA gene products through the use of a transient transfection 
assay, hi the present Example, the ElA gene has been stably introduced into the neu- 
transfomied B104-M cells, to demonstrate that ElA mediated im repression can 
suppress aeim^vasA transfomnng activity. In these studies, ceDs that expressed ElA 
products possessed reduced transforming and tumorigenic activity, as evidemxd using 
standard assays for each. These results demonstrated that ElA gene products can act 
negatively to suppress the transfonning phenotype tA Hob neu oncogene, and is believed 
to be the first example of a gene, Le. the ElA gene, that can act m one setting as a 
transforming oncogene, and in another as a transfomiing suppressor gene. 

The B104-M cell line, an NIH3T3 transfectant that has approximately 10 20 
3d copies of mutation-activated genomic neu oncogene has been shown to be highly 
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transforming and tumorigenic (Bargmann et a/.. 1986; Stem et ai. 1986). For the 
present studies, BKMM cells and control NIH3T3 cells were transfected with either 
E1A plasmids expressing adenovims-5 ElA gene, (pEIA), or a derivative plasmid 
containing only the ElA promoter without the E1A coding sequence (pEIApr). Cells were 
cotransf ected with pSV2neo plasmids carrying a miomycin resistant marker gene 
(Southern «f AT., 1982). 



D 



The transfections were carried out with the modified calcium phosphate 
precipHation procedure of Chen ami Okayama (1988). In each transfection. 5 x lo^ 
B104-1-1 cells or NIH3T3 cells (2 x lo cm dishes) were seeded 24 hours before 
transfection. The cells were transfected with either 10 ytig of the ElA expressing pEIA 
plasmid ONA or its derivative pEIApr plasmid DNA. along with 1 //g of pSV2^wo plasmid 
DNA (Southern et al.. 1982). Approximately 14 hours post-transfection. cells were 
washed and cultured in fresh medium for 24 hours and spfit at a 1:10 ratio. The cells 
were then grown in selection medium containing 500 //g/ml of G418 for 2 3 weeks and 
Individual G418 resistant colonies were cloned using cloning rings and expanded to mass 
culture. 



Three kinds of stable transfectants were thus estabfished: (1) B-E1A 
transfectants: B104-M transfectants harboring the ElA gene; (2) B-EIApr transfectants: 
B104.1.1 transfectants containing ElA promoter sequence, which is used as a control 
ceD line in this study; and (3) N EIA transfectants: NIH3T3 colli transfected with the 
ElA gene. 



Cons cultures were performed as described previously (Hung et al., 1989; Matin 
et at.. 1989). The B104-M cell lim> and NIH3T3 ceD fine were grown in Dulbecco's 
modified Eagle's medium (OMEM) supplemented with 10% calf serum in a humidified 
atmosphere at 5% COj at 37»C. The B-E1A transfectants and N-E1A transfectants 
were grown under the same condition with addition of G418 {500//g/ml) into the culture 
media. 
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The rate of DNA synthesis, as indicated by [^thymidine incorporation, was 
different among the three B-EIA transfectants (FIG. 8A). B-ElA-1 and B-E1A-2 displayed 
a much lower DNA synthesis rate, which coincided with their slower cell growth rate 
compared to BKM-M cells. This ElA induced decrease in (^thymidine incorporation 
was not as dramatic in the B-E1A-3 ceH fine possibly due to the lower level of the ElA 
proteins. These data suggested that E1A proteins can inhibit the effect of the neu 
oncogene on DNA synthesis and cell growth. 

To test the influence of the El A proteins on anchorage-independent growth, 
10 B104-M cells and the B-EIA transfectants were assayed for their abOity to grow in soft 
agar. The ability of B104-1- cells, B-EIA transfectants, NIH3T3 cells and N-E1A 
transfectant to grow in soft agarose was determined as described previously (Matin et 
al, 1990). Cans (1 x 10^ cells/plate) were plated in a 24 well plate in OMEM containing 
10% calf serum and 0.35% agarose (BRU Gaithersburg, MD) over a 0.7% agarose lower 
15 layer. The cells were incubated at 37^C for 3 weeks and the plates were stained with 
/r-iodonitrotetrazofium violet (1 mg/ml) for 24 hours at 37»C and colonies were counted. 

The results of the soft agar studies demonstrated that colony formation by the 
E1A transfectants were strikingly reduced compared to that of B104-1-1 and B-EIA pr 
transfectants (HG. 88). It is noteworthy that the colony formation by NIH3T3 and N- 
E1A-1 liiKS did not vary significantly. 



20 



The most stringent experimental test for neoplastic behavior is the abirity of 
injected ceOs to form tumors in nude mice. Studies in nude mice were conducted 
25 because the examination of E1A repression of offf-mediated tumorigenicity m mo was 
considered to be a critical test of E1A effectiveness. For conducting tumorigenicity 
studies, the 8104-1-1 cells, B-EIA transfectants, NIH3T3 cells ami N-EIA transfectant in 
log phase growth were trypsinized and washed twice with phosphate buffered safine and 
centrifuged at 250 x g. The viable ceOs were then counted, and 1 x 10^ ceHs in 0.1 ml 
of phosphate buffered saline were injected subcutaneously into both the right and left 
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flanks of 5 to S week old female homozygous nu/nu (nude) mice (Harian Sprague Dawley 
Co.) under sterile conditions. Tumor formation was scored at indicated days as presence 
or absence of a visible tumor mass. Sixteen days after injection, tumor volumes were 
estimated as the product of three-dimensional caliper measurements (longest surface 
length and width and tumor thickness). The growth of tumors was monitored for a 
minimum of 16 days and maximum of 2 months. 

When cells of the parental B1041-1 One were injected sufacutaneously in mide 
mice, soEd tumors developed by 8 days after injection; however, the same quantity of the 
Ijl ElA transfectants did not fomi tumors in nude mice until 12-26 days after injection and 
in every case the tumors were much smaller than those from B104-1-1 cells (FIG. 9A). 

Although the MlA l and B-E1A-2 transfectants contained comparable amounts 
of the ElA gene, the B-ElA-1 ceUs did not cause tumor development until a much later 
If time. This Is probably due to the lower level of flw gene in this Bne. On the other 
hand, although both of the B-ElA-2 and B-ElA-3 transfectants contained the same level 
of the neu gene as B104-1-1, the transforming suppression effect on B-E1A-3 was not as 
strong as on B-ElA-2. This was Ekely due to the lower level of the ElA gene in B EIA- 
3. Typical results of ElA expression on neu oncogene mduced tumorigenicity are shown 
2j) in the photographs in HG. 9B and RG. 11A. Evaluated 18 days after injection, animals 
injected with B104-1-1 ceUs were found to bear huge tumors, whereas those injected 
witii B-ElA-2 transfected cells had considerably smaller tiunor nodules. As expected, 
control animals injected with NIH3T3 cells showed m evidence of tumor formation. 

2p Previous studies of Wilms' tumor cells and human prostate carcinoma 0U145 cells 

demonstrated that leintroduction of chromosome 11 to Wilm's tumor cells or restoration 
of RB gene to DU145 cells suppressed tumor fomiation but did not alter the cell 
morphology, growth rate or colony-forming abifity (Weissman etal.. 1987; Bookstine et 
al., 1990). These data suggest that growth rate in culture and tumorigenicity in nude 
3b mice are separable phenomena. In the present study, the B-ElA-1 and B ElA-2 cells 
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similar f3Hi»h„-.2j- • ^wnpe. Hie B tlA-S ceOs possessed 

«™>» I ^,.„^ ™i «. „ 8,04.,., ^ ' 

tumorigenic activitv wa« n«irir.rfi ' 

J. ' " »°0«ther, ttese results 

clearly demonstrate that introduction of tteEIAoene into Bina-,1 , 

t^a transfon^no proper.es Of the...tra^^^^^^ ""^ 

Example III 

Supprassion of Afeir^edlated 
Jjgetastasis hv Fiii c,,^ p^rf,,^ 

Additional studies were conducted usinn r pi * . x 

•.uiiuucieo using B-EiA transfectants of Bind 1 1 

The n^tastasis studies were performed essentially as descried by Wexler 1966 
Bnefly, six-week-old pathogen-free female nude mice (HarbnHi 
WBei(flnrffh<» ^- . °" '™rland) lyere quarantined for 1 

Ions 1IB '"'"™»"™" "..how 

» ,^ ,^ ^ ^^^^ ^ 
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TABLE 2. EXPERIMEIIITAl METASTASIS 



ASSAY 




The effectiveness of £1A at 



norfute. In contiasi, an of the etn^o * . r ' " '™P«"«=y of about 10 

free of metesteses. i end B-EIA-S, were totelly 

An increase in cell motility has hp.„ .u 
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migration rate to different clH»noattractants than that of B-neo cell line, which are B104- 
1-1 cells transfected with neomydn resistant Ineo') gene alone. The N E1A cells also had 
a low migration rate which is comparable to that of NIH3T3 cells. 

Another step in the metastatic process involves invasion of tissues and basement 
membranes. In vHm invasion assays also revealed significant differences between the B- 
neo cens ami the B-E1A caU lines. B-neo cells demonstrated a high rate of imrasion 
similar to that of B104-M cells, while the B-E1A transfectants failed to invade the 
Matrigel. bijection of the B^ieo cells and the five B-E1A cell Gnes mto the taO vein of 
the nude mice showed dramatic differences in the frequencies and number of hmg nodules 
(FIG. 10B and Table 2). Two of the five B-EIA transfectants did not give rise to any 
experimental metastatic tumors and the other three B-EIA fines had a very low incidence 
of experimental metastasis compared to that of B-neo cells (p >0.01). As expected. N- 
E1A cells were unable to produce any metastatic lung midule. From these results, it is 
evident that E1A gem; products can reduce the metastatic potential of nea VmiiwmA 
3T3 cells, possible by transcriptional repression of neu gene expression. 

These results, typified by those shown in FIG. llB, demonstrate that El A gene 
products are able to suppress not only the tumorigenic and transformation events 
mediated by the nmi gene (Example II). but are further able to suppress metastatic events 
that are neu meiSated. 



Example IV 

E1A Suppresses c-erbB-2laea Expression Connected 
with Severe MalmnaneiM }ti ff uman Owarian ft«ri.innm» 

The present example is directed to studies concemmg the action of ElA in 
repressmg t-eOB llttea overexpression in SKOVSJpl cells and the functions of E1A as a 
tumor suppressor gene In c-e/6B-2//7«tf overexpressing human cancer cells. 



V ^095/16051 



PCmJS94/13868 



•67- 

FIG. 13C shows that the c-e/3&B-2//7W-overexpressinB ipI.Efs cells exhibited high 
efficiency in forming soft agar colonies, whereas the colony-forming efficiencies of the 
two iplIlA transfectants were strik'mgly reduced. These data suggested that E1A 
proteins can suppress the effect of the c-fl'/4B-2//7etf-overexprBssion in ovarian cancer cells 
and inhibit cell growth, DNA synthesis, and anchorage-independent growth. . 

3. £/4 as a Tumor Suppressor Gene for e^/*B-2/i7eir-0verexpressing Human 
Ovarian Carcinoma SK0V3.ip1 Cells 



10 A critical test for £/>4-mediated transformation suppression function in ovarian 

cancer cells is the ability of E1A to suppress tumor formation m mo. Therefore, 
tumorigenidty assays were performed In mice that were injected s.o. with 3 x 10^ cells 
from either the fM-expressIng iplIIAI and ipl.ElA2 cell lines or the control ipI.Efs 
cell line (FIG. 14A). Like mice given injections of the parental SK0V3.ip1 cells, mice 
15 given Injections of the control ipLEfs cells formed tumors 7 days after injection and had 
huge tumor burdens of 3280 ± 1310 mm^ by 80 days postinjection. However, bh/bu 
mice given bijections of the same number of iplilAI transfectants did not form tumors 
until 21-30 days after injection, and their tumor burdens were only 460 ± 170 mm^ by 
80 days postinjection. 

20 

The tumor-suppressing function of EtA was more dramatic In nuce given 
Injections of the ip1.E1A2 transfectants, which did not induce tumors until 40-50 days 
postinjection, and 2 of 6 mice did mit develop any tumor, even at 160 days postinjection. 
The tumor size in the four mica ghren injections of lp1.ElA2 were 290 ± 220 mm^ at 
25 160 days postinjection. Therefore, these results clearly demonstrated that El A can 
suppress the tumorigenic potential of the ovarian carcbioma SKDV3.lp1 cells. 

It is shown above that SKDV3.lp1 cells, when compared to SK-OV S cells, induced 
a higher mortaGty rate and shorter survh^al following iji. injection into ou/aa mice. To 
30 determine whether EtA expression in SK0V3.lpl cells could counteract the effect of c- 
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erb^llneu overexpression and reduce the mortality rate, the inventon gave mice hp. 
injections of the fW-expressing tpLEIAl and ip1.E1A2 cell lines and the control IpLEfs 
cell tine. Mice given injections of 1 x 10* iplifs cells developed tumor symptoms similar 
to those described in the previous section; one of the mice died of tumor as early as 
19 days postinjection, and all of the other mice died within 75 days postinjection (RG. 
14A). However, there was a significant increase in survival for mice given injections of 
the fW transfected lines versus the parent SK0V3jpl and frameshift transfectant ipLEfs 
cell fine (P <0.01) (RG. 14B). The results indicated that E1A expression can reduce the 
mortality of mice given injections of c-en6B-2//7etf-overexpressing human ovarian carcinoma 
cells. 



4. Discussion 



The inventors have isolated a derivative cell Ene termed SK0V3.ip1 from the 
15 ascites tiwt developed in mice given injections of human ovarian carcinoma SK-OV-3 cells. 
Compared wHh parental SK OV-S cells, the SK0V3.ip1 oeU line expresses higher levels of 
Cff/*B-2//7wencoded pl85 protein and corresponding exhibits more malignant phenotypes 
determined by ^ raCro and mo assays. This association between enhanced 
c-erbB-TInea expression and more severe mafignancy is very consistent with previous 
20 studies in which t-erb^2ineu overexpression was shown to correlate with poor prognosis 
in ovarian cancer patients (Slamon et al., 1989). 

The inventors data provided actual evidence to support those cfinical studies that 
c-ert^Zlaeu overexpression can be used as a prognostic factor for ovarian cancer 

25 patients and that z-eM Tineu overexpression may play an important role in the 
pathogeneas of certain human malignancies such as ovarian cancer. Altiiough not 
important to the utility of the claimed invention, it will be interesting to further study the 
molecular mechanisms and biochemical pathways invoked in c-erbB-llneu overexpression 
and the associated maDgnant phenotype. The recent identification and molecular cloning 

30 of the iigands for the c-e/:&B-2//7«tf encoded p185. which can increase tiie tyrosine 
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phosphorylation of pi 85, will enable future direct examination of the molecular 
mechanisms and the biological effects of t-erbB-llttea overexpression in human cancer 
and cancer metastasis (Peles et a/., 1992; Holmes et al.. 1992; Lupe at ai. 1990; Yarden 
& Peles, 1991; Huang & Huang, 1992; Dobashi etaL, 1991). 



10 



15 



The adenovirus E1A gene was originally defined as a transforming oncogene that 
can substitute for the myo oncogene and simian virus 40 large tumor antigen gene in the 
ras cotransformation assay of primary enAryo fibroblasts (Land et aL, 1983; Ruley, 
1983; Weinberg. 19851. As detailed herein, the inventors have found that EfA products 
can act as transformation and metastasis suppressors in the mutation-activated rat neu- 
transformed mouse 3T3 cells. In this particular example, it is further demonstrated that 
the EIA gene products effectively repressed c-erbB-TJaeu gene expression in SK0V3.ipl 
ovarian carcinoma cells, suppressed transformation phenotypes m vHro, and reduced 
tumorigenicity and mortality rate m mo. These results indicate that the adenovirus EtA 
gene can function as a tumor suppressor gene for t-erbB-2}aeu-mer expressmg human 
cancer cells as well as inhibit transformation induced by mutation-activated oai oncogene 
in rodent cells. 
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Since the inventors have previously demonstrated that EfA products can 
dramatically inhibit the c eitR-2lneu mRNA level and c-en&B-2lo«i^encoded pi 85 
expression in human broast cancer ceH lines, and have shown that the EfA gene products 
can repress aeu gene expression at the transcriptional level by targeting at a specific 
DNA element in the m gene promoter, it is likely that the reduced pi 85 expression in 
the ipLEIA cell lines is due to transcriptional repression of the overexpressed 
t-erbB-Zlneu gene, which may be one of the diverse molecular mechanisms that account 
for the tumor suppressor function of EfA in SK0V3.ip1 ovarian cancer cells. 
Interestingly, it has been shown that adenovirus EfA can render hamster cell lines more 
susceptible to lysis by natural killer cells and macrophages (Cook and l^wis, 1984; 
Sawada et al.. 1985) increased sensitivity to cytotoxicity by tumor necrosis factor in 
transfected NIH3T3 celk (Cook et al., 1989). Therefore, it is conceivable that the tumor- 
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suppressing function o^ £tA may be partly due to an increased susceptibOity to cytolytic 
lymphoid cells and molecules. 

Recently, E1A protein was shown to induce a cytotoxic response that resembles 
programmed cell death (apoptosis) (Rao et al., 1992), which may also contribute to the 
tumor-suppressmg function of El A. in addition. El A has been reported to convert three 
unrelated types of human cancer ceOs into a nontransformed state (Frisch, 1991). This 
suggests that E1A may also function as a tumor suppressor gene for certain human 
cancer cells m which c-»*B-2/flw is not overexpressed. It is not yet clear whether 
growth signals associated with the c-eKftB-^//7a^enGoded pi 85 prote'm might be activated 
in these human cancer cells and whether El A might repress transforming phenotypes of 
these human cancer cells by blocking the signal transduction pathway associated with 
pi 85 protein via repressing c-ertB llneit expression; or EfA might suppress tumor 
formation through other mechanisms in certain human cancer cells. Despite the potential 
involvement of different molecular mechanisms, these results clearly establish EfA as a 
tumor suppressor gene for cer/6B-2{oetf-overexpressing human ovarian cancer cells and 
indicate that EfA is a potential therapeutic reagent for the treatment of these human 
cancers. 

tt has been proposed that there are ceDular "ElA-Dke" factors that may mimic the 
function of ElA in certain ceO types (Nelson etal.. 1990). Many common features 
between EIA and c myc suggest that the c-mye gene product may be one of the ceUular 
homologue of the EIA protein. These common features include the foOowing: EIA and 
c myc share a similar structural motif (Rgge and Smith, 1988; Hgge et al.. 1988); both 
EIA and t-mye can transform primary embryo fibroblasts m cooperation the tas oncogene 
(Land et al.. 1983; Ruley, 1983); both can bind specifically to the human Rb gene 
product, the RB protein (Whyte et al.. 1988; Rustgi et al.. 1991); both can induce 
apoptosis fai certain cell types (Rao et al.. 1992; Frisch, 1991; Nelson et al.. 1990; Rgge 
and Smit^ 1988; Rgge et al., 1988; Whyte et al., 1988; Rustgi et al.. 1991; Evan et 
al.. 1992); and botti have been shown to block transformation of certain transformed cell 
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fines (Frisch, 1991; Nelson eta/., 1990; Figge and Smith, 1988; Rgge eta/.. 1988; 
Whyte ef */.. 1988; Rustgi eta/., 1991; Evan eta/., 1992; Suen and Hung. 1991). in 
addition, tlie inventors itave found tliat, similar to the E1A proteins, the t myc gene 
product can repress'c-«*B-2//iw gene expression at the transcription level, resulting in 
reversal of the nea-miucei transformed morphology in NIH3T3 cells (Wang et a/., 1991). 
Whether t-myc can suppress the malignancy of c-en6B-2<o«0^overexpressing human cancer 
cells Is an interesting issue that the inventors propose to examine. 

El A can mactivate the Rb tumor suppressor gene by complexing the Rb gene 
product, Rb protein, and by inducing RB protein phosphorylation IWhyte et al., 1988; 
Rustgi eta/.. 1991; Evan eta/.. 1992; Suen & Hung, 1991; Wang eta/.. 1991). 
Therefore, the inventors have recently examined wrhether RB might also regulate 
t-em-Tineu expression. SimHar to E1A, RB can also repress e-ertB 2lneu gene 
expression at the transcriptional level (Yu et a/., 1992). The ex acting elements 
responding to ElA and RB are different but only a few base pairs away from each other. 
It wiH be interesting to study further the possibHity that ElA and RB might interact with 
each other to regulate c-erbB-Theu transcription. 

The ElA gene of adenovirus 2. a dose sera type of adenovirus 5, was shown to 
reduce the metastatic potential of ^ transformed rat embryo ceys (Pozzatti et a/., 
1988). It was hypothesized that the Ad-2 ElA gene may regulate the expression of one 
or more cellular genes that contribute to the metastatic phenotype and expression of 
/wn23. a gene associated with low metastatic potential in certain ceO types that was 
subsequentiy shown to be elevated in £M-expressing /Sf transformed rat embryo ceDs 
(Steag et a/.. 1988). Altiraugh the mventors have found that ElA can repress 
t-eOB-llaeu gene expression and suppress the metastatic potential of e-erbB-2lna/- 
transformed 3T3 ceO, the c-erbB-Zineu gene expression levels in tin parental las- 
transformed rat embryo cells and f f4-exprBssing /vf-transfonned rat embryo ceils is not 
knovim. Therefore, it is not dear at this moment whether represaon of t-emUneu 
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Example V 

yUDBrBMinii ..f 

t- Materials and Metiiods 
Cell Culture. 

^neo, were grown ,n the above media containfnfl 400 mg/ml G418. 



yo9s/imi 



PCT/DS94/13868 



73. 



Piasmids. 
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showed simflar resets. Piasmids pVU 0 «pM ' 
^as^ds, PK1 and p. «a J ^ ^1 

" ""^ »«'«™'» oJfts from Dr. Uvingston. 

e- Stable Transfeetions. 



The drug selection plasmid n«?V9n<.« .. 

e^afthshed m media containing G418). 
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Transient Transfectiom, and CAT assays. 



30 



^ Immunoblotting. 
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nitrocenulose. To detect expression of pi 85, blots were incubated with znti neu antibody 
Ic nea, Ab-3, Oncogene Science, Manhasset, NY), then reacted with secondary antibody, 
goat anti-mouse conjugated with horse radish peroxidase. The nitrocellulose was 
subsequently developed with horse radish peroxidase substrate, 4 chloro-1-napthol and 
hydrogen peroxide. To analyze the expression of LT antigen, blots were probed with 
monoclonal antibody specific for LT (SV 40 T-Ag, Ab-2, Oncogene Science). Blots were 
incubated with 1 mg/hiL [125IHirotein A. After further washing, dried blots were 
exposed for autoradiography. 

f. Southern blotting. 

Genomic DMA was harvested from cells and digested with BanMl for Southern 
blotting as described (Zhang etaf.. 1989). Blots were hybridized using %labeHed rat 
neu cDNA probe. 

g. Focus forming assay. 

Focus forming assay was carried out as described <Yu et a/.. 1992). The cosmid 
clone, dlfeu-m (Hung et ah, 1986), contains 30 kb of actuating genomic rat neu 
including 2.2 kb of the neu promoter. tNeu-m (0.5 mg) was cotransfected into nonnal 
fibroblasts (RaM ceUs) with 0.1 mg of the drug selection piasmid, pSV2neo, and 510 mg 
plasmids encoding mutant LT (pKI) or control filler piasmid, pSV2E. Cells were 
trypsinized and split into 4 plates 48 hours after transfection. Two plates were 
maintained in regular media while the other 2 plates were maintaiiwd m media 
supplemented with G418. For cells kept. In regular meifia for 3 weeks, foci of 
transfonned cells appeared on a background monolayer of nontransfonned cells. 6418 
resistant colonies appeared for plates maintained in G418 media. Foci and 6418 
resistant colonies were stained with 1% crystal violet and counted. To normalize for 
transfection efficiency, the number of foci formed for each transfection was divided by 
the number of 641 8 colonies obtained. 



\VO9Sn60Sl 



PCT/US94/13868 



- 75- 

Results 
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a. LT Reduces ATtfif-Encoded p185 Levels in Cells That Overexpress 
pi 85. 

To test the effect of LT in cells that overexpress aea encoded pi 85. plasmids 
encoding LT, pZ189 (driven by the SV 40 pronjoter), together with pSV2neo (plasmids 
encoding the gene for neomycin resistance) were cotransfected into B104-1-1 cells. 
B104-M cells are derhred from NIH 3T3 ceDs transformed by the mutation-activated 
genomic rat neu oncogene (Shih et a/., 1881; Hung et a/., 1986). B104.M ceUs express 
high levels of activated nea encoded p185. are phenotypically transformed (Padhy et ai, 
1982; Shih et a/.. 1981), highly tumorigenic (Yu et a/.. 1991; Hung et a/. 1989) and have 
increased metastatic potential (Yu et a/.. 1991; Yu et al. 1992). The LT-transfected and 
G418 resistant B104-M ceOs were doned after 3 weeks and 2 cell Unes expanded from 
the clones (named BTn14 and BTn16 cell Unes) were analyzed for expression of LT and 
pi 85. Immunoblotting of cell lysates for LT using anti-LT antibody (SV 40 T-Ag. Ab-2, 
Oncogene Science), showed 2 bands of molecular weights less than 111 kd indicating 
expression of LT in BTn14 and BTnIB cell lines (FIG. 15B, lanes 1 and 2). The bands 
are probably different phosphoryiated forms of LT, as reported previously (Uvingston et 
ah. 1987). A control cell line, BEn5, was generated by transfectmg B104-1-1 ceOs with 
pSV2neo and pSV2E (control plasmid shnHar to pZ189, containing the SV 40 promoter but 
lackmg the LT coding region). As expected, BEnS and NIH 3T3 cells do not express LT 
(FIG. 15B, lanes 3 and 4). 
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The level of neu encoded p185 in these cell lines by immunoblotting whole cell 
lysates wHh monoclonal anti-p185 antibody [t-neu Ab-3, Oncogene Science), which 
recognizes the carboxy tenninus of p185 was then analyzed. The control ceU fine, BEn5, 
expresses a high level of rat neu encoded p185 (OG. 15A, tone 3) shnitor to parental 
B104-1-1 cells (data not shown). No p185 expression was detected in the negative 
control cells. NIH 3T3. using this antSiody and detection system (HG. 15A, lane 4). The 
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two cell lines expressing LT antigen |BTn14 and BTnl6 cell Unes) had significantly lower 
levels of pi 85 expression {FIG. 15A. lanes 1 and 2) compared to BEn 5 cell fine which 
does not express LT. The expression of pi 85 in the LT transf acted cefls decreased by 
approximately 60% to 80%. BTnlB cells |FIG. 15A & FIG. 158, lane 1) expressed higher 
levels of LT and had lower p185 expression, suggesting an inverse correlation between 
LT expression and pi 85 level. 

To ensure that the decreased expression of p185 was not due to decreased copy 
number of rat genonuc neu oncogene, the level of rat neu DNA in these cells was 
analyzed by Southern blot analysis. The levels of genomic rat neu oncogene in the 
BTnM and BTnlB cell lines |RG. 15C. lanes 1 and 2) were equhralent to that in BEn5 
ceD line (FIG. 15-C, lane 3). The parental NIH 3T3 cells used as control does not have 
rat neu DNA. These studies show that when LT is stably expressed in cells that 
originally express high levels of ^ev-encoded pi 85, there is a resulting decrease in the 
15 level of pl85, mdicating that LT, smilar to z mye and E1A, can repress neu expression. 

b. LT Speetfieally Inhibits the iK?0 Promoter 
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To determine whether the LT antigen inhibited rat neu expression at the 
transcriptional level, the effect of LT on the upstream regulatory sequences of neu using 
transient transfection assays was examined. Plasroids encoding LT antigen (pVU-0 or 
pZ189) (Kalderon et ah, 1984) were cotransfected with plasmtds encoding 2.2 kb xAneu 
upstream regulatory sequences finked to a reporter chloramphenicol acetyl transferase 
(CAT) gene (pNeuEcoRICAT) (Suen et at. 1990) into NIH 3T3 cells. The control plasmid, 
25 pSV2E, was used as a fiUer plasmid to adjust concentrations in cotransfections. About 
80% inhibition of the 2.2 kb neu promoter activity was achieved by a lO fold excess of 
LT plasmid (FIG. 16, lanes 1 & 2). The inhibitory activity of LT was specific to neu 
since the acthrity of the epidermal growth factor receptor regtdatory sequence 
(pEGFrCAT) (Johnson et ai. 1988) was unaffected by a simHar amount of LT (FIG. 16, 
30 lanes 3 & 4). In addition, LT had a dose dependent effect on the activity of the 
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regulatory sequences atnea as increasing amounts of LT led to decreased CAT activity 
of pfffftfEcoRICAT (FIG. 17). Thus, LT specifically inhibits the activity of the rat nea 
promoter. 

c Repression of /l/ea by LT is Mediated Througii the Xhol lUarl Region 

The region of the 2.2 Icb neu regutatory sequence that responds to LT was 
mapped. To this end, series deletion constructs of the aeu regulatory sequence CAT (FIG. 
18A) (Suen et al., 1990) were cotransfected with piasmid encoding LT into NIH 3T3 
cells. FIG. 18B shows that the CAT acthrity of each of the neu^Hm constnicts and 
the inhibition of this activity in the presence of LT (pVU O or pZ189). There was a 
70%-80% inhibition of the CAT activity of most of the neu-MzXm constructs except for 
pwwXbalCAT and pNeuEcoRV2CAT. In repeated studies, the imrentors found less 
repression by LT of these two constructs. Overall, the actwity of aO the deletion 
constnicts. includmg pweidCholCAT, were repressed by LT. This indicates that repression 
of neu by LT is mediated through the 94 base pair Xhol Narl region (-172 to -79. 
relative to first ATG) of the rat neu promoter. 

SI protection studies have identified four transcription initiation sites in the rat 
neu promoter. Three of them, including the two major sites (at -158 and -147) are 
within 30 bp downstream of the Xho\ site (Suen et ah. 1990). Further detetions of 
mideotides were made downstream of the Xho\ site using Bali\ digestion (Yanisch-Perron 
et al., 1985). However, tins ted to dramatic reduction of acthrity of the neu promoter 
(data not shown). Thus the XhiA Nai\ region of neu encompasses tiie minimum promoter 
of tiie rat neu gene ami LT inhibits the activity of tin minimum promoter of neu. 

Gel-shift assays indicated that the 94 base pair XluA NaA DNA fragment 
spedficaBy complexes witii proteins in the nuclear extract of NIH 3T3 cells (FIG. 19, lane 
.1). The complex, A. is detected using pis wHh large pore size (4.5% gels, acrylamide: 
bisacrylamide-80:l) which have been previously shown to detect large DNA-protein 
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complex involved in transcription initiation (Dynlacht et a/., 1991), but not with gets witli 
smaller pore size (acrylamide: bisacrylamide-29:1) (data not shovi^n). This suggests A is 
a large DNA protein complex that may involve factors in the initiation or elongation 
complex for tieu transcription, However, nuclear extracts from cells that express LT, BTn 
14 cen line, also gave a similar DNA-protein complex profile in such gel-shift assays (FIG. 
19, lane 3). Thus, the presence of LT In the nuclear extract did not affect the mobility 
of complex A. One explanation of this is that complex A is already so large that the 
presence of LT On nuclear extracts from BTn 14 cells) does not create a observable 
difference in the shift. Indeed, complex A » found very near the top of the gel and is a 
broad band suggesting the present of multiple types of DNA protein complexes. Another 
possibnity is that LT has indirect or subtle effecU on complex A at the X/id-llfart 
fragment such as a change in phosphorylation of protein factors or a change in 
confomiation of some factors that can not be detected by gel-shift assays. 

d. A Non-transforming Mutant of LT (K1) is a Suppressor of Heu 

LT and Rb are known to fonn a protein complex (OeCaprio et ah, 1988) and Rb 
also modulates neu expression (Yu et af., 1992), therefore, it might be expected that the 
LT-Rb complex is involved in repression of neu. To examine this, an avaflable mutant of 
LT (Kl) was utifized. K1 has a single amino acid change within the region required for 
Rb binding (amino acids 105-1 14 of LT) (FIG. 20A) (Kalderon et a/., 1984). Kl expresses 
mutant LT protein which is unable to complex Rb (DeCaprio et a/., 1988) and Kl is 
defective for transfomiation as assayed by focus forming assay in Rat-1 cells (Kalderon 
et ai. 1984; Cherington et ah. 1988). pflwXholCAT togetiier with plasmids encoding 
wad type (pVU-0) or mutant LT (Kl) were cotransfected into NIH 3T3 ceUs. Surprisingly, 
Kl represses neu as effecthrely as wHd type LT (FIG. 20B). Therefore, complex 
formation between LT and Rb is do| required for LT-mediated neu repression. 

Kl, unlike wild type LT, is unable to transform RaM cells in focus forrning 
assays (Kalderon et ah. 1984). Therefore, the above results raises an interesting 
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question whether K1 may function as a transfonnation suppressor of activated neu in 
Rat-1 cells. To test this possibility, focus fomnng assays were carrfed out to determine 
the effect of stably transfecting Kl with activated genomic neu. The plasmid dileu m 
encodes the activated genomic neu which has a single point nutation in the 
transmembrane domain and is driven by 2.2 kb of neu upstream regulatory sequences 
(Hung et ah. 1986). Upon introduction of c4fe£^104 into normal RaM fibroblasts, those 
cells that stably express activated im are transfonned and 34 weeks later forni visible 
foci on 8 background of normal monolayer ceils. When Kl was cotransfected with 
ctoff-104 into Rat-1 cells, it led to 50% reduction in the number of foci formed by 
tNeu-m (FIG. 200. Transfectlon of Kl only does not induce any foci. Suppression of 
flwtransfomjing activity with w»d type LT (pVU O) is complicated by the fact that wild 
type LT itself forms transformed foci in Rat-1 cells (data not shown) which makes it 
impossible to analyze tiie data. Therefoio, mutant LTs unable to complex with Rb tiiat 
act as transformation suppressors of activated neu may be the most cHnicaliy useful of 
the LT gene products. 

3. Discussion 

The results of these studies show that the function of tiie rat neu promoter is 
suppressed by the transfonning viral oncoprotein, SV 40 LT antigen. This activity of LT 
is similar to that observed for the adenovirus 5 ElA and tiie t-myc oncoproteins, witii 
whom LT shares a few stnictural and functional similarities but striking differences. The 
inhibitory activity of LT is apparent in the LT-transfected stable cell fines which showed 
an bwerse correlation of neu p185 to LT protein expression. Thus, expression of LT in 
cefls leads to reduced expression of mi encoded pl85 in cells. 

LT inhibits neu by repressing the activity of tfu; minimum neu promoter. Series 
deletion analysis of tfw upstream regulatory sequences of neu showed tiiat repression by 
LT is mediated tiirough the 94 bp XhiA Nafi region of tin neu gene, which contains the 
minimum promoter 30 bp downstream of tiie XhA site. This result is unlike that of 
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t myc and El A, since these repress iteu through an upstream region of the regulatory 
sequences of neu. Thus LT mediates repression of neu through a different pathway 
compared to t-iitye and El A. Therefore, these structurally related oncogenes repress the 
activity of the ubu promoter by acting through different regions of the regulatory 
sequences of nmi. Afthough the promoter of the epidemial growth factor receptor and 
the promoter of neu share some common features (Suen at */.,1990; Johnson et al, 
1988), LT did not inlubit the activity of the prmnoter of epidermal growth factor 
receptor. Thus, LT specificaUy affects the promotere of certain growth factor receptors. 

Since LT mediates repression of aea through the XM JIfsr\ region which contains 
only mininnim sequence upstream of the two major transcription initiation sites, it is 
possible that LT may modulate transcription mitiation or elongation from the neu 
promoter. LT is known to interact with ceHular transcription factors such as AP-2 and 
abrogate its function (Mitchell eta/.. 1987). However, examination of tiie 94 bp 
sequences within X/KA IVa/\ revealed no motif witii significant homology to tfie AP-2 (Suen 
ff/a/., 1990). 



Example VI 
Suppression off ^w-Mediated 
Cancer with LT 

1- Suppression of 4feir Mediated Cancer by LT in Mice 



The inventors are conducting ongoing studies of the abifiti'es of pKI to suppress 
the growtit and metastasis of ^etr-overexpressing human ovarian cancer cells (SK-OV-3 
cells) m female homozygous liu/nu (nude) mice. SK-OV-S cells express high levels of aea 
and are highly metastatic in mide mice (Yu et al. 1993). These studies invohre treatment 
of tiiese mice with a Dposomal complex liposomes comprising lipids and pKl. pKI 
comprises DNA encoding a non-transfoiming mutant of LT (Kalderon etal. 1984). Details 
of tills study are given in Example VII, 2. 
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nontransforming mutants of LT such as K1 will be complexed with liposomes in the 
manner described in Example VII, and this DNA/liposome complex will be injected into 
patients with certain forms of cancer, such as breast cancer, intravenous injection can be 
used to direct the Kl gene to all cells, including those which overexpress neu. Directly 
injecting the liposome complex into the proximity of a cancer can also provide for 
targeting of the complex with some fomis of cancer. For example, cancers of the ovary 
can be targeted by injecting the liposome mixture directly into the parataenial cavity of 
patients with ovarian cancer. Of course, the potential for liposomes that are selectwely 
taken up by a population of cancerous cells exists, and such liposomes will also be useful 
for targeting the LT gene. 

Those of skill in the art will recognize that the best treatment regimens for using 
LT to suppress /7ff£Hnediated cancers can be straightforwardly determined. This is not a 
question of experimentation, but rather one of optimization, which is routinely conducted 
in the medical arts. The in mo studies in nude mice provide a starting point from which 
to begin to optimize the dosage and defivery regimes. The frequency of injection will 
initially be once a week, as was done in the mice studies. However, this frequency 
might be optimally adjusted from one day to every two weeks to monthly, depending 
upon the results obtained from the initial clinical trials and the needs of a particular 
patient. Human dosage amounts can initially be determined by extrapolating from the 
amount of LT used m mice, approximately 15 //g of plasnud DNA per 50 g body weight. 
Based on this, a 50 kg woman would require treatment with 15 mg of DNA per dose. 
Of course, this dosage amount may be adjusted upward or downward, as is routinely 
done in such treatment protocols, depending on the results of the initial clim'cal trials and 
the needs of a particular patient. 
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3. Liposomal Transfection with E1A and/or LT to Suppress ffetf-Mediated 
Cancers 

One particularly useful way to use E1A and/or LT to repress /7ei/mediated 
phenotypes is via the use of liposomes for carrying the suppressor's DNA mto the 
oncogenic ceik. 

Example Vil 
Preparation of Liposome/DNA Complexes and 
Prevention nf ^aiN Mediatad Tumors with the Cnm plnYB* 

1. Preparation of Liposomes 

Catatonic liposomes which are efficient transfection reagents for both the ElA 
and LT genes for snimal cells can be prepared using the method of Gao et al. (1991). 
Gao et al. describes a novel catatom'c chotesterol derivative that can be synthesized in a 
single step. Uposomes made of this lipid are reportedly more efficient in transfection and 
less toxic to treated cells tiian those made with the reagent Upofectin. These Hpids are 
a mixture of DC Chol r3;8lN (N'M'-dimethylaminoethane)-carb8moyl cholesteron and DOPE 
("dioleoylphosphatidylethanolaniine'). The steps in producing these liposomes are as 
follows. 

DC-Chol is synthesized by a simple reaction from cholesteryl chloroformate and 
N,N Diniethylethylenedlamine. A solution of cholesteryl chloroformate (2.25 g, 5 mmoi in 
25 5 ml dry cMorofomi) is added dropwise to a solution of excess N,N- 

Dimetiiylethylenediamine (2 ml. 18.2 mmol in 3ml dry chloroform) at O^C. Following 
removal of the solvent by evaporation, the residue is purified by recrystallization in 
absolute ethanol at 4°C and dried in vacuo. The yield is a white powder of DC Chol. 
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complex involved in transcription initiation (Oynlacht et al.. 1991), but not with gels with 
smaller pore size (acrylamide: bBacrylamlde-29:1) (data not shown). This suggests A is 
a large DNA protein complex that may involve factors in the initiation or elongation 
complex for neu transcription. However, nuclear extracts from cells that express LT, BTn 
14 cell line, also gave a similar DNA protein complex profile in such gel sWft assays |FIS. 
19. lane 3). Thus, the presence of LT in the nuclear extract did not affect the mobHity 
of complex A. One explanation of this is that complex A is already so lanie that the 
presence of LT fin nuclear extracts from BTn 14 cells) does not create a observable 
difference in the shift. Indeed, complex A is found very near the top of the gel and is a 
broad band suggesting the present of multiple types of DNA protein complexes. Another 
possibility is that LT has indirect or subtle effects on complex A at the XhA-NaA 
fragment such as a change in phosphorylation of protein factors or a change m 
conformation of some factors that can not be detected by gel-shift assays. 

d. A Non-transforming Mutant of IT (K1) is a Suppressor of Neu 

LT and Rb are known to fomi a protein complex (OeCaprio et al., 1988) and Rb 
also modulates neu expression (Yu et al., 1992), therefore, it might be expected that the 
LT-Rb complex is involved in repression of neu. To examine this, an available mutant of 
LT IK1) was utilized. K1 has a single amino add change within the region required for 
Rb binding (amino acids 105-114 of LT) (FIG. 20A) (Kalderon etal.. 1984). Kl expresses 
mutant LT protein which is unable to complex Rb (OeCaprio et al., 1988) and Kl is 
defective for transformation as assayed by focus forming assay in Rat i cells (Kalderon 
et al.. 1984; Cherington et aL, 1988). pffwXholCAT together with plasmids encoding 
wild type (pVU-0) or mutant LT (Kl) were cotnmsfected into NIH 3T3 ceDs. Surprisingly, 
Kl represses neu as effectively as wild type LT (FIG. 20B). Therefore, complex 
formation between LT and Rb is not required for LT-mediated neu repression. 
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Kl. unlike wild type LT, is unable to transform Rat-1 ceOs in focus fonnlng 
assays (Kalderon et ah. 1984). Therefore, the above results raises an interesting 
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question whether K1 may function as a transformation suppressor of activated neu in 
RaM cells. To test this possibility, focus forming assays were carried out to determine 
the effect of stably transfectino Kl with activated genomic neu. The plasmid dUeuAW 
encodes the activated genomic neu which has a smgle point mutation in the 
transmembrane domain and is driven by 2.2 kb of neu upstream regulatory sequences 
{Hung et aL, 198B). Upon introduction of zNeu-m into normal RaM fibroblasts, those 
ceHs that stably express actuated neu are transformed and 34 weeks later form visible 
foci on a background of normal monolayer ceBs. When Kl was cotransfected with 
c^eff-104 into RaM cells, it led to 50% reduction in the number of foci formed by 
c/lfetf-104 (FIG. 200. Transfection of Kl only does not induce any foci. Suppression of 
wtf^transforming activity with wild type LT (pVU O) is complicated by the fact that wild 
type LT itself forms transformed foci in Rat-1 cells (data not shown) which makes it 
impossible to analyze the data. Therefore, mutant LTs unable to complex with Rb that 
act as transformation suppressors of activated neu may be the most clinically useful of 
the LT gene products. 

3. Discussion 

The results of these studies show that the function of the rat neu promoter is 
suppressed by the transforming viral oncoprotein, SV 40 LT antigen. This actwity of LT 
is similar to that observed for the adenovirus 5 ElA and the t myc oncoproteins, with 
whom LT shares a few structural and functional simDarities but striking differences. The 
mhibitory acthfity of LT is apparent in the LT-transfected stable cell fimts which showed 
an inverse correlation of neu pl85 to LT protein expression. Thus, expression of LT in 
cells leads to reduced expression of neu encoded pl85 in cefls. 

LT inhfliits neu by repressing the activity of the minimum neu promoter. Series 
deletion analysis of the upstream regulatory sequences of neu shovired that repression by 
LT is mediated through the 94 bp XhoVNaA region of the neu gene, which contains the 
minimum promoter 30 bp downstream of the Xho\ site. This result is unlike that of 
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t myc and El A, since these repress neu through an upstream region of the regulatory 
sequences of neu. Thus LT mediates repression of neu through a different pathway 
compared to c-myc and El A. Therefore, these structurally related oncogenes repress the 
acthfity of the neu promoter by acting tivough lEfferent regions of the regulatory 
sequences of nai. Although the promoter of the epdermal growth factor receptor and 
the promoter of neu share some common features (Suen et */.,1990; Johnson et al. 
1988), LT did not inhibit the activity of the promoter of epidermal growth factor 
receptor. Thus. LT specifically affects the promoters of certain growth factor receptors. 

Since LT mediates repression of neu through the XhA-NaA region which contains 
only minimum sequence upstream of the two major transcription initiation sites, it is 
possible that LT may modulate transcription initiation or elongation from tiie neu 
promoter. LT is known to interact with cellular transcription factors such as AP-2 and 
abrogate its function (Mitchell et al., mi). However, examination of the 94 bp 
sequences within Xho\ Nai\ revealed no motif with significant homology to the Ap.2 (Suen 
eteL.\m). 

Example VI 
Suppression of ^'ffi^Medlated 
Cancer with LT 

1. Suppression of ^eir-MediatBd Cancer by LT in Mice 

The inventors are conducting ongoing studies of the abiiiti'es of pKI to suppress 
the growtii and metastasis of /;e</-overexpressing human ovarian cancer cells (SK-OV-3 
ceDs) in female homozygous riu/nu (nude) mice. SK-OV-3 cells express high levels of neu 
and are highly metastatic in nude mice (Yu et al. 1993). These stiidies involve treatonent 
of these mice witb a Gposbmal complex liposomes comprising Giuds and pKI. pKI 
comprises ONA encoding a non-transforming mutant of LT (Kalderon et al. 1984). Details 
of this stiidy are given in Example VII, 2. 
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2. LT Suppression of ^eir-Mediated Cancer in Humans 

The results obtained using the cell lines and animal models described in this 
appfication are of the type widely accepted by those of skill in the art as being predictive 
of success in human treatment regimens. Indeed, clinical trials concerning the use of LT 
to suppress the expression of neu m humans are contemplated. However, due to 
precautions which are necessarily attendant to every new pharmaceutical, the 
compositions and methods of the present invention have not yet been tested in such a 
cfinical settmg. Nevertheless, the results presented herein reasonably demonstrate that 
10 LT will be useful in combating cancers which exhibit oei^overexpression, such as breast 
cancers, ovarian cancers, lung cancer, gastric cancer, oral cancers and prostate cancer. 

One of the initial clinical trials to be performed involves non-transforming mutants 
of LT, for example Kl. These non transfonning mutants have demonstrated the ability to 
15 suppress Aev-mediated cancers in both cell cultures studies and in mo animal model 
studies. The use of such mutants avoids potential problems virith transformation. In 
these clinical studies, Kl will be introduced into the human cancer cells to suppress the 
production of neu. 



Among those patients who vinU benefit from this therapy fre those whose cancer 
cells express high levels of neu. Tte tevel of neu expression in a ghren patient can be 
determmed by analysis of biopsy samples of cancer tissue using routine techniques such 
as immunohistochemistry or western blotting. These diagnostic techniques are routinely 
practiced and well known to those of skill in the art. 



Targetmg of cancerous tissues overexpressmg neu may be accomplished in any 
one of a variety of ways. Piasmid vectors and retroviral vectors, adenovirus vectors, and 
other viral vectors all present means by which to target human cancers. The inventors 
antteipate particular success for the use of liposomes to target LT genes to cancer cells. 
30 In one of the first series of clinical phase to be performed, DNA encoding 
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nontransforming mutants of LT such as K1 will be complexed with liposomes in the 
manner described in Example Vlt, and this DNA/liposome complex will be injected into 
patients with certain forms of cancer, such as breast cancer, intravenous injection can be 
used to direct the K1 gene to all cells, including those which overexpress neu. Directly 
injecting the liposome complex into the proximity of a cancer can also provide for 
targeting of the complex with some forms of cancer. For example, cancers of the ovary 
can be targeted by injecting the fiposome mixture directly into the parataenial cavity of 
patients vtnth ovarian cancer Of course, the potential for liposomes that are selectively 
taken up by a population of cancerous cells exists, and such fiposomes will also be useful 
for targeting the LT gene. 

Those of skin m the art will recognize that the best treatment regimens for using 
LT to suppress naihmSxdXti cancers can be straightforwardly detennined. This is not a 
question of experimentation, but rather one of optimization, which is routinely conducted 
in the medical arts. The in mo studies in nude mice provide a starting point from which 
to begin to optimize the dosage and defivery regimes. The frequency of injection will 
initially be once a week, as was done in the mice studies* However, this frequency 
might be optimaOy adjusted from one day to every two weeks to monthly, depending 
upon the results obtained from the initial clinical trials and the needs of a particular 
patient. Human dosage amounts can initially be determined by extrapolating from the 
amount of LT used m mice, approximately 15 //g of plasmid DMA per 50 g body weight. 
Based on ttus, a 50 kg woman would require treatment with 15 mg of DNA per dose. 
Of course, this dosage amount may be adjusted upward or downward, as is routinely 
done in such treatment protocols, depending on tiie results of the initial clinical trials and 
25 the needs of a particular patient. 
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3. Liposomal Transfection with E1A and/or LT to Suppress ireir-Nlediateil 
Cancers 

One particularly useful way to use El A and/or LT to repress /re^Mnediated 
phenotypes is via the use of liposomes for carrying the suppressor's ONA into the 
oncogenic cells. 

Example VII 
Preparation of LIposome/DNA Complexes and 
Preventio n of /Iteg-MediatBd Tumors with the Cnm plexas 

1. Preparation of Uposoroes 

Catatonic liposomes which are efficient transfection reagents for both the El A 
and LT genes for animal cells can be prepared using the method of 6ao et al. (1991). 
Gao et al. describes a novel catatonic cholesterol derivative that can be synthesized in a 
single step. Uposomes made of this Gpid 'are reportedly more efficient in transfection and 
less toxic to treated cells than those made with the reagent Upofectin. These lipids are 
mixture of DC-Chol r3;8JN-(N'N'-dimethylaminoethaneH:arbamoyl cholesterol") and DOPE 
fdioleoylphosphatidylethanolamine"). The steps in producing these liposomes are as 
follows. 



DC-Chol is synthesized by a simple reaction from cholesteryl chloroformate and 
N,N Dimethylethylenediamine. A solution of cholesteryl chloroformate {2.25 g. 5 mmol in 
5 ml dry chloroform) is added dropwise to a solution of excess N,N- 
Dimethytethylenediamine (2 ml, 18.2 mmol in Snd dry chloroform) at O'C. Following 
removal of the solvent by evaporation, the residue is purified by recrystallization in 
absolute ethanol at 4«C and dried in vacuo. The yield is a white powder of DC ChoL 
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Catlonic liposomes are prepared by mixing 1.2 fmo\ of DC-ChoI and 8.0 /ymol of 
DOPE in chloroform. This mixture is then dried, vacuum desiccated, and resuspended in 1 
ml sterol 20 mM HEPES buffer |pH 7.8) in a tube. After 24 hours of hydration at 4°C, 
the dispersion Is sonicated for 5-10 minutes in a sonicator form fiposomes with an 
average diameter of 150-200 lun. 

To prepare a Kposcme/ONA complex, the inventors use the fonowing steps. The 
DNA to be transfected is placed in DMEM/F12 medium in a ratio of 15 pg DNA to 50 jA 
DMEM/F12. DMEM/F12 is then used to dilute the DC-Chol/DOPE liposome mixture to a 
ratio of 50 pi DMEZM/F12 to 100 fA fiposome. The ONA dilution and the liposome 
dilution are then gently mixed, and mcubated at 37'C for 10 minutes. Following 
incubation, the DNA/liposome complex is ready for injection. 

2. ia Vwo Treatment of ifoxr-Mediated Cancer Via Liposomes 

The inventors have shown that Gposome-medlated direct gene tramsfer techniques 
can be employed to obtain ElA suppression of mv-overexpressing human cancer ceUs in 
living host. The protocol for this study was as follows. 

Female nude mice |5-6 weeks old) were given intraperitoneal injections of SK OV-S 
cells (2 X 10^/100 //I). SK 0V.3 cells are human ovarian cancer cells that have been 
shown to grow within the peritoneal cavity of nude mice. After fhre days, the mice were 
gwen intraperitoneal injections of various compounds. Some mice were injected with E1A 
DNA alone, some were injected with Gposome/EIA DNA complex prepared in the manner 
descn-hed above, ami some were injected with fiposomefEfs (an E1A frameshift mutant) 
DNA complex. 200 ;/l of a given compound was injected into a given mouse. After the 
initial mjections, injections were repeated every seven days throughout the life of the 
mouse. 
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FIG. 21 shows the results of this study. Mouse 1, was injected with ElA DNA 
alone and developed extensive bloody ascites. Mouse 1 died 85 days after the injection 
of the SK-OV-3 cells. Mouse 2 was injected with liposome/Efs DNA complex. Mouse 2 
developed extensive bloody ascites and a large tumor and died 78 days after injection of 
the SK OV-3 cells. Mouse 3 was injected with the Uposome/EIA DNA complex. This 
mouse looked healthy and normal and was still alive 160 days after the injection of the 
SK-OV-3 cells. 
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These results indicate that iiposomeHnediated E1A gene transfer can inhibit neu- 
overexpressing human ovarian cancer cell growth. Therefore, It is predictable that 
liposome mediated El A or LT gene therapy may serve as a powerful therapeutic agent for 
HEB-2 /7«tf-overexpres$ing human ovarian cancers by direct targeting of El A or LT at the 
HER-2 /retf-oncogene. 
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The inventors are presently testing the effects of the LT mutant pKI on the 
growth and metastasis of the human ovarian cancer cells SK-OV-3 in essentiaDy the same 
manner as used to test the effects of El A on these cells. In these experiments, nude 
mice were intraperitoneally injected wHh 1.8 x 10^ SK-OV-3 cells per ml of phosphate 
buffered saline. The following week, and every week thereafter, the mice were injected 
with 15/^1 pKI in suspension with 1 /^nol liposome (DC-Chol-containing Oposomes 
prepared as previously described). As controls, 5 mice were injected with SK-OV-3 cells 
and then injected with the control plasmid pGEM Gposomes every week. Based on the 
fact that previous data has shown that pKI can suppress /rev-mduced fod and 
transcription from the neu gene promoter, it is expected that the injected pKI wHI reduce 
tumor growth of the SK OV-3 cells in the mice. 



Liposomal Transfeetion With E1A and/or LT to Treat Humans 
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Based on the results of the m mo anmial studies described above, those of skill 
in the art win understand and predict the enormous potential for human treatment of neu- 
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mediated cancers with El A and/or LT DNA complexed to Gposomes. Clinical studies to 
demonstrate these affects are contemplated. One set of such studies is described in 
Example VI, 2. where clinical trials involving the use of LT complexed to liposomes are 
described. El A or any other Aetf-suppressbig gene product may be complexed with 
liposomes and employed in human studies in a manner similar to that described for LT. 
These clinical trials are anticipated to show utility of LT, E1A, and other mtf suppressing 
gene products for the treatment of aeu-anmpmmq cancers in humans. Dosage and 
frequency regimes wffl iiHtially be based on the data obtained from m vm animal studies, 
as was described in Example VI, 2. 

Example VIII 
Adenoviral E1A Gene Therapy of 
Human Cancarg gypre Mino Hioh iBwelg of P1RS 

The present example provides for the mtroduction of the E1A or LT gene for 
treatment of human cancers expressing high levels of PI 85. This may be achieved most 
preferably by introduction of the desired gene through the use of a viral vector to carry 
either the El A or LT sequences to efficiently mfect the tumor, or pretumorous tissue. 
These vectors will preferably be an adenoviral, a retroviral, a vacdnia viral vector or 
adeno associated vims (Muro-cacho et al.. 1992). These vectors are preferred because 
they have been successfully used to deGver desired sequences to cells and tend to have a 
high infection efficiency. The inventors have conducted studies showing that nathre ' 
adenovirus can be employed to transfer the El A gene in accordance with the invention. 
However, a particulariy preferred type of adenovirus is the group of replication-deficient 
adenoviruses. 

The HER-2/neu oncogene encodes a MW 185,000 epidermal growth factor 
receptor-related transmembrane protein (pi 85) with intrinsic tyrosine kinase activity. 
Overexpression of the normal human Wl^-l\aeu protooncogene, which can also bad to 
higher overaO tyrosine kinase activity, is a frequent event in many types of human 
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cancers, including cancers of the breast, ovarian, lung, uterine cervix, stomach and colon 
cancer, for example. Correlation between the overexpression of HER-2/flw and the 
number of lymph node metastases in breast cancer patients and decreased survival in 
both breast and ovarian cancer patients has been reported. The present inventors have 
shown in the previous examples that adenovirus S E1A gene product can repress HER- 
llaeii oncogene expression and suppress the tumorigenic and metastatic potential of 
activated rat ttea oncogene transfomied mouse 3T3 cells. Introduction of the El A gene 
into the human ovarian cancer cefl Dne SK-0V.3(l.p.). which has enhanced expression of 
HfRHneu, resdted in reduced malignant phenotypes w ritm and m mo. Those data 
indicated that the El A gene can be considered as a tumor suppressor gene for HER-2//7«/ 
overexpressing human cancer cells. 

RepGcation deficient adenovirus represents a gene deGvery system that should be 
able to efficiently transfer an exogenous gene directly to tumor cells m mo. Unlike 
vectors that require target cell repficatlon for gene transfer, such as retrovirus which can 
only infect proliferating cells, adenovirus can transfer genes mto both profrferating and 
non-proliferating cells. The extrachromosomal location of adenmrirus in the cells (non- 
integration) decreases the chance of activating cellular oncogenes. A high titer of 
adenovirus is easily produced and purified. Replication-deficient adenovirus containing 
E1A was constructed by E3 and E1B deletion mutant (E1B and E3 is required for 
adenovirus replication), control vires was constracted by additional El A deletion mutant. 

The present example provides for tiie transduction of replication-deficient 
adenovirus containing E1A gene (Ad.ElA(+|J into human csHkmwtm and m mo. Tumor 
suppressor gene El A was efficiently transduced mto human ovarian cancer cell SK-OV- 
3{i.p.) cells by Ad.E1A{■^) ut vHro and in mo (FIG. 22 and FIG. 26). Up to 100% of the 
cells can be Infected at either the vires/tumor ratio >50/1 or at lower ratios w'rth 
multiple infections. Tumor growth m vitro (FIG. 23) and colony fomiation ability in soft 
agarose (FIG. 24) were greatly inhibited by Ad.E1A(-i-). SK-0V-3{i.p.) (10*/mquse) was 
ti^splanted into the peritoneal cavity of nu/nu mice, five days later they receded an 
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intraperitoneal injection of viral solution (titer: 2 x 10^ PFUimI) from either Ad.E1A(+), 
Ad.E1A{-), or Just PBS for 3 days, foUowed by once/week for 4.5 months. Clinical 
observation and survival rates showed that Ad.E1A|+) significantly prolonged the survival 
time of the mice and some mice were kept tumor free (FIG. 25|. Histoimmunochemical 
analysis indicated that Ad.ElA protein was expressed in tumor tissue after gene deHvery 
in mo and expression of im-llaeu P185 protein was greatly suppressed (FIG. 28A, FIG. 
28B and FIG. 28C). 

The ovarian cam»r cefl fine 2774. which has a very low level of expression of 
Wl^ Vneu P185 protein, was also tested for the therapeutic effect of Ad.ElA(+) 
(FIG. 271. Results showed that Ad.E1A(+) can not significantly prolong the survival rate 
of the 2774 ceH line, indicating that Ad.E1A(+) specifically targets PI 85 high expression 
tumor cells. 

An orthotopic himan lung cancer model in nu/nu mice was used to study the 
effect of Ad,ElA(+) on tumor growth of human hing cancer cell line NCI H820 expressing 
a high level of P185 in mo. Mouse tumor cells (5 x 10®), were inoculated 
intratracheally. Five days later, mice were treated by intratracheal instillation of viral 
solution (titer: 2 x iqS PFU/raO of Ad.E1A(+). Ad.E1A(-). or PBS. followed fay once/week 
Iv. injection treatment for 2.5 months. At autopsy, more than 80% of control mice but 
only 20% of treated mice had tumors as shown in Table 3 and HG. 29A. FIG. 29B and 
FIG. 29C. 
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TABtE 3. THERAPEUTIC EFFECT OF Ad.E1A 
ON LUNG CANCER H820 IN NU/NU MICE 





Ad.E1A(+) 


Ad.E1A(-) 


PBS 


No. mice with 
tumor/total (%) 


1/5(20%) 


4/5 (80%) 


5/5 (100%) 


Mean vohime ■>- 
SDicm^ 


0.31 


0.59 + 0.29 


0.43 + 0.27 



Human non-small ceO lung cancer line NCI H820 that has high expression of WRUneu 
was injected intratracheany into nu/nu mice (5 x lO^imouse) via a tracheotomy incision, 
five days later, the mice were treated once with intratracheal injection (0.1 ml) of either 
PBS, or Ad.E1A(), Ad.ElA(+) (Viral titer: 2 x lo^ PFU/ml), foHowed by weekly i.v. 
injection treatment for 2.5 months. Then, mediastinal blocks were removed and tumor 
volume was calculated. The results indicate that Ad.E1A(+) can prevent the growth of 
human lung cancer cells implanted orthotopically in nu/nu nuce. 



From the above data, it is clear that the adenoviral gene delivery system is 
effective and that Ad.ElA(+) has a therapeutic effect on HER-2//7W expressing human 
ovarian and lung cancer tumore. 



While the compositions and methods of this invention have been described in 
terms of preferred embodiments, it will be apparent to those of skffl in the art that 
vanatims may be applied to the composition, methods and m the steps or in the 
sequence of steps of the method described herein without departing from the concept, 
spirit and scope of the invention. More specifically, it will be apparent that certain 
agents which are both chemically and physiologicany related may be substituted for the 
agents described herein while the same or similar results would be achieved. All such 
simflar substitutes and modificatians apparent to those skOied in the art are deemed to be 
within the spirit scope and concept of the invention as defined by the appended claims. 
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IR ZIP: 77210 



(vi) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatibie 

(C) OPERATING SYSTEM: PC DOS/MS DOS/ASCII 
(0) SOFTWARE: WordPerfect 5.1 
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(X) TELECOMMUNICATION INFORMATION: 
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30 (B) TELEFAX: (713) 789-2679 



PCT/DS94/13868 



• 101 



(C) TELEX: 79 0924 



(2) INFORMATION FOR SEQ ID NO: 1 



(i) Sequence characteristics: 



10 



(A) Length: 20 base pairs 

(B) Type: nucleic acid 

(C) Strandedness: single 
P) Topology: linear 



(ii) Molecule Type: oligonucleotide 



15 



(xi) Sequence Description: SEQ ID N0:1: 



TCHGCTGGA ATGCAGHGG 



20 
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1. An IT gene product for use in a method for suppressing neu oncogene-mediated 
transformation of a cell, the method comprising introducing a transformation siippressing 
amount of an LT gene product into such a ced in a manner effective to suppress an 
oncogenic phenotype, as indicated by a reduction in transfomiing. tumorigenic or 
metastatic potential of the cdl. 



2. The gene product of claim 1. wherein the LT gene product is an LT mutant. 



3. The gene product of claim 2. wherein the LT mutant is a nontransforming mutant. 



4. The gene product of claim 3, wherein the nontransforming mutant is K1. 



5. The gene product of clam 1, wherein the LT gene product is introduced into the 
cell through the introduction of an LT gene. 



6. The gene product of claim 5, wherein the LT gene comprises the LT gene and its 
25 associated control sequences. 



7. The gene product of daim 5, where'm the LT gene is located on a vector. 
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8. The gene product of claim 7, wherein the rector comprises a plasmid vector. 



9. The gene product of claim 8, wherein the plasmid rector is pZ189. pVO-0. pKl or 
pK7. 



10. The gene product of claim 7, wherem the vector comprises a viral vector. 



11. The gene product of claim 10, wherein the vector comprises a retroviral vector. 



12. Tte gene product of claim 5, wherein liposomes are used to introduce the LT 
gene. 



13. The gene product of claim 12, wherein the liposomes comprise DOTMA, DOPE, or 
OCChol. 



14. The gene product of claim 13, wherein the liposome comprises DC Chol. 



15. The gene product of daim 14, wherein the liposome comprises OC Chol and 
DOPE. 



16. The gene product of claim 1, wherein the gene product is introduced into a cell 
of a multiple cellular organism. 
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17. The gene product of claim 16, wherein the multicellular organism is a mammal. 



18. The gene product of claim 17, wherein the gene product is introduced through the 
introduction of an LT gene assodated wth a liposome and the liposome is injected into 
the mammal. 



10 19. The gene product of clahn 18, wheroin the liposome is Injected directly into a site 
comprising cells in need of suppression of neu oncogene-mediated transfomiation. 



20. The gene product of claim 17, wherein the mammal is a human. 

15 

21. The gene product of claim 17, wherein the oncogenic phenotype cells form a 
cancer in said mammal. 

20 

22. The gene product of clahn 21, wherein the cancer is breast cancer. 



23. The gene product of dann 21, wherein the cancer is ovarian cancer, 

25 

24. The gene product of claim 1, wherein the tumorigenic potential of the cell is 
suppressed. 
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25. The gene product of claim 1, wherein the metastatic potential of the cell is 
suppressed. 



26. The gene product of claim 1, wherein the LT gene product and an E1A gene 
product are introduced into such a cell. 



27. The gene product of claim 26, wherein the ElA gene product is introduced 
through the introduction of an El A gene. 



28. The gene product of claim 27, wherein the E1A gene comprises associated 
control sequences. 



29. The gene product of claim 27, where'm El A gene is located on a vector. 



30. The gene product of clahn 29, wherein the LT gene and the E1A gene are on the 
same vector. 



31. The gene product of claim 29, wherein the vector comprises a plasmid vector. 



32. The gene product of claim 29, wherein the vector comprises a viral vector. 



30 33. The gene product of daim 32, wherein the vector comprises a retroviral vector. 



095/1^51 



PCTAJS94/13868 



- 106 - 

34. The gene product of claim 26, wherein the El A gene product comprises the El A 
12S or the E1A 13S gene product. 



35. The gene product of claim 27, wherem the El A gene comprises the E1A 12S or 
the E1A 13S gene. 



36, The gene product of claim 35, wherein the E1A gene comprises the ElA 12S and 
the E1A 13S gene. 



37. The gene product of claim 26, wherein the tumorigenic potential of the cell is 
suppressed. 



38. The gene product of claim 26, wherein the metastatic potential of the cell is 
suppressed. 



39. A /7e£^-suppressing gene DNA/liposome complex for use in a method for introducing 
a i7ftf-suppressing gene product into a cell. 



40. The DNA/liposome complex of claim 39, wherein the liposome comprises OOTMA, 
DOPE, or DC-Chol. 



41. The DNA/Gposome complex of claim 40, wherein the liposome comprises DC-Chol. 
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42. The DNA/liposome complex of claim 41, wherein the liposome comprises DC-Choi 
and DOPE. 



43. The DNA/liposome complex of claim 39, wherein the DNA/fiposome complex is 
used in a method for introducing the neumfprnsmq gene product into a multiple cellular 
organism. 



44. The DNA/liposome complex of claim 43, wherein the multiple cellular organism is 
a mammal. 



15 45. The DNA/liposome complex of claim 44, wherein the mammal is a human. 



46. The gene product of claim 44, wherein the DNA/liposome complex is administered 
to the mammal by injection. 

20 

47. A composition comprising a liposomaf complex of a fiind and a DNA segment 
encoding a /letr-suppressing gene. 

25 

48. The composition of daim 47, wherein the iw£^suppressing gene is an LT gene. 



49. The composition of daim 48, wherein the LT gene encodes an IT mutant. 

30 
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50. The composition of claim 49. wherein the LT mutant is a nontransfomiing mutant. 

51. The composition of daim 50. wherein the nontransfomiing mutant is Kl. 

52. The composition of claim 47. wherein the i7el^suppressing gene is an E1A gene. 



53. The composition of daim 52. wherein the ElA gene encodes the ElA 12S or 13S 
gene product. 



54. The composition of daim 52, wherein the ElA gene encodes the ElA 12S and 
13S gene products. 



55. The composition of claim 47. wherein the lipid comprises DOTMA. DOPE, or DC- 
Choi. 



56. The composition of claim 55, wherein the Bpid comprises DOPE. 



57. The composition of claim 55, wherein the lipid comprises DC Chol. 



58. The composition of daim 57, wherein the fipid comprises OC-Chol and DOPE. 
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59. A kit comprising, in a suitable container means, a compositian comprising a 
liposomal complex of a lipid and a ONA segment encoding a /7£a^suppcessing gene. 



60. An El A gene-containing adenovirus for use in a method for suppressing nai 
oncogene-mediated transformation of a ceU, the method comprising introducing a 
transformation suppressing amount of an ElA-containing adenovirus into such a cell in a 
manner effective to suppress an oncogenic phenotype, as mdicated by a reduction in 
transforming, tumorigenic or metastatic potential of the cell. 



61. The ElA gene-containing adenovirus of claim 60, wherein the adenovirus is a 
replication-deficient adenovirus. 



62. The ElA gene-containing adenovirus of claim 61, wherein the replication deficient 
adenovirus is the Ad.ElA(+) adenovirus. 



20| 63. The ElA gene-containing adenovirus of daim 60. whereip the ElA gene comprises 
associated control sequences. 



64. The ElA gene-containing adenovirus of claim 60, wherein ElA gene is located on 
a vector and the vector is introduced into the adenovnus. 



65. The ElA gemi-containing adenovirus of claim 60, wherein the ElA gene encodes 
the ElA 12S or the ElA 13S gene product. 
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GG. The E1A gene-containing adenovirus of claim 65, wherein the E1A gene encodes 
the El A 12S and the E1A 13S gene product. 



67. The El A gene-containing adenovirus of claim 60, wherein the tumorigenic 
potential of the cell is suppressed. 



68. The El A gene-containing adenovirus of claim 60, wherein the metastatic potential 
10 of the cell is suppressed. 



69. The E1A gene-containing adenovirus of claim 60, wherein the E1A gene-containing 
adenovirus is introduced into a ceil of a multiple cellular organism. 

15 

70. The El A gene-containing adenovirus of claim 69, wherein the multicellular 
organism is a mammal. 



20 



71. The E1A gene-containing adenovirus of claim 70, wherein the mammal is a 
human. 



25 72. The El A gene-containing adenovirus of claim 70, wherein the oncogenic 
phenotype cells form a cancer in said mammal. 



73. The El A gene-containing adenovirus of claim 72, wherein the cancer is breast 
30 cancer. 
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74. The El A gene-containing adenovirus of claim 72, wherein the cancer is ovarian 
cancer. 



5 

75. The E1A gene-containing adenovirus of claim 72, wherein the cancer is hing 
cancer. 



10 76. The ElA gene-containing adenovirus of claim 60, wherein the E1A genecontaining 
adenovirus further comprises an LT gene. 



77. The ElA gene-containing adenovirus of claim 76, wherein the LT gene is an LT 
15 mutant gene. 



78. The ElA gene-containing adenovirus of clam) 77, wherein the LT mutant gene Is a 
nontransforming mutant gene. 

20 

79. The ElA gene-containing adenovirus of claim 78, wherein the nontransforming 
mutant gene is a K1 gene. 

25 

80. The ElA gene-containing adenovirus of daim 76, wherein the LT gene comprises 
the LT gene and its associated control sequences. 



30 



81, The ElA gene containing adenovirus of claim 76, wherein the LT gene is located 
on a vector and the vector is introduced into the adenovinis. 
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82, The El A gene-containing adenovirus of claim 81, wherein the vector is pZ189, 
pVO a pKI or pK7. 



83. The E1A gene-containing adenovirus of datm 76, wherein the adenovirus is the 
Ad.E1A(*i-) adenovirus. 
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FIG. 27 
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